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[DOCUMENT NAME] SCOPE OF PATENT CLAIM 

1. An electric automobile provided with at least a 
fuel cell for power generation by supply of hydrogen and 
oxidizing agents a hydrogen generating device for 
generating a gas containing hydrogen to be supplied to the 
fuel cell, and a motor driven by electricity generated by 
the fuel cell, characterized in that the hydrogen 
generating device is to generate a gas containing hydrogen 
by decomposing a fuel containing an organic compound, 
comprising a partition membrane, a fuel electrode provided 
on one surface of the partition membrane, means for 
supplying a fuel containing the organic compound and water 
to the fuel electrode, an oxidizing electrode provided on 
the other surface of the partition membrane / means for 
supplying an oxidizing agent to the oxidizing electrode, 
and means for generating and collecting the gas containing 
hydrogen from the fuel electrode." 

2. The electric automobile as described in Claim 1, 
wherein the hydrogen generating device is an open circuit 
having neither means for withdrawing electric energy to 
outside from a hydrogen generating cell constituting the 
hydrogen generating device, nor means for providing 
electric energy from outside to the hydrogen generating 
cell . 

3. The electric automobile as described in Claim 1, 
wherein the hydrogen generating cell in the hydrogen 
generating device has means for withdrawing electric energy 
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to outside with the fuel electrode serving as a negative 
electrode and the oxidizing electrode as a positive 
electrode , 

4. The electric automobile as described in Claim 1, 
wherein the hydrogen generating cell in the hydrogen 
generating device has means for providing electric energy 
from outside with the fuel electrode serving as cathode and 
the oxidizing electrode as anode. 

5. The electric automobile as described in Claim 1, 
wherein voltage between the fuel electrode and the 
oxidizing electrode is 200 to 1000 mV in the hydrogen 
generating device, 

6. The electric automobile as described in Claim 2, 
wherein voltage between the fuel electrode and the 
oxidizing electrode is 300 to 800 mV in the hydrogen 
generating device. 

7. The electric automobile as described in Claim 3, 
wherein voltage between the fuel electrode and the 
oxidizing electrode is 20 0 to 60 0 mV in the hydrogen 
gener at ing de vi ce . 

8. The electric automobile as described in Claim 3 or 
7, wherein voltage between the fuel electrode and the 
oxidizing electrode and/or the evolution volume of 
hydrogen- containing gas are/is adjusted by varying the 
volume of electric energy withdrawn from the hydrogen 
generating device. 

9. The electric automobile as described in Claim 4, 
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wherein voltage between the fuel electrode and the 
oxidizing electrode is 3 00 to 1000 mV in the hydrogen 
generating device, 

10. The electric automobile as described in claim 4 
or 9, wherein voltage between the fuel electrode and the 
oxidizing electrode and/or the evolution volume of 
hydrogen- containing gas are/is adjusted by varying the 
volume of electric energy provided in the hydrogen 
generating device . 

11. The electric automobile as described in any one 
of Claims 1 to 10, wherein the evolution volume of 
hydrogen- containing gas is adjusted by varying voltage 
between the fuel electrode ajnd the oxidizing electrode in 
the hydrogen generating device. 

12 . The electric automobile as described in any one 
of Claims 1 to 11, wherein voltage between the fuel 
electrode and the oxidizing electrode and/or the evolution 
volume of hydrogen- containing gas are/is adjusted by 
varying the supply volume of the oxidizing agent in the 
hydrogen generating device. 

13 . The electric automobile as described in any one 
of Claims 1 to 12, wherein voltage between the fuel 
electrode and the oxidizing electrode and/or the evolution 
volume of hydrogen- containing gas are/ is adjusted by 
varying the supply volume of the oxidizing agent in the 
hydrogen generating device. 

14. The electric automobile as described in any one 
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of Claims 1 to 13, wherein voltage between the fuel 
electrode and the oxidizing electrode and/or the evolution 
volume of hydrogen- containing gas are/is adjusted by 
varying the supply volume of fuel containing an organic 
compound and water in the hydrogen generating device . 

15 . The electric automobile as described in any one of 
Claims 1 to 14 wherein voltage between the fuel electrode 
and the oxidizing electrode and/or the evolution volume of 
hydrogen- containing gas are/is adjusted by varying the 
supply volume of fuel containing an organic compound and 
water in the hydrogen generating device. 

16. The electric automobile as described in any one 
of Claims 1 to 15, wherein the operation temperature of the 
hydrogen generating device is not higher than loo^c. 

17. The electric automobile as described in Claim 16, 
wherein the operation temperature is between 3 0 and 90 °C. 

18. The electric automobile as described in any one 
of Claims 1 to 17, wherein the organic compound supplied to 
the fuel electrode of the hydrogen generating device is 
alcohol , 

19. The electric automobile as described in Claim IS, 
wherein the alcohol is methanol. 

20. The electric automobile as described in any one 
of Claims 1 to 19, wherein the oxidizing agent supplied to 
the oxidizing electrode of the hydrogen generating device 
is an oxygen- containing gas or oxygen. 

21. The electric automobile as described in any one 
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of Claims 1 to 19, wherein the oxidizing agent supplied to 
the oxidizing electrode of the hydrogen generating device 
is a liquid containing hydrogen peroxide solution. 

22. The electric automobile as described in any one 
of Claims 1 to 21, wherein the partition membrane of the 
hydrogen generating device is a proton conducting solid 
electrolyte membrane. 

23 . The electric automobile as described in Claim 22 , 
wherein the proton conducting solid electrolyte membrane is 
a perf luorocarbon sulf onate-based solid electrolyte 
membrane . 

24 . The electric automobile as described in any one 
of Claims 1 to 23, wherein a catalyst of the fuel electrode 
of the hydrogen generating device is made of platinum- 
ruthenium alloy supported by carbon powder serving as a 
base. 

25. The electric automobile as described in any one 
of Claims 1 to 24, wherein a catalyst of the oxidizing 
electrode of the hydrogen generating device is made of 
platinum supported by carbon powder serving as a base. 

26. The electric automobile as described in any one 
of Claims 1 to 25, wherein means for circulating fuel 
containing an organic compound and water is provided at the 
hydrogen generating device - 

27. The electric automobile as described in any one 
of Claims 1 to 26, wherein a carbon dioxide absorbing 
portion for absorbing carbon dioxide contained in the 
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generated hydrogen- containing gas is provided at the 
hydrogen generating device. 
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[DOCUMENT NAME] SPECIFICATION 

[TITLE OF THE INVENTION] ELECTRIC AUTOMOBILE 
[TECHNICAL FIELD] 

[0001] The present invention relates to an electric 
automobile on wlxicb. a hydrogen generating device for 
supplying hydrogen to a fuel cell is loaded. 

[0002] Recently, measures for problems of environment and 
natural resources have become important, and development of 
an electric automobile is actively pursued as one of those 
measures. Among them, in connection with the electric 
automobile provided with a fuel cell as a power source to 
obtain its driving force, those having hydrogen, which is a 
fuel for generation using this fuel cell or a raw fuel for 
generating hydrogen loaded are under development in various 
forms . 

[00033 In the electric automobile with hydrogen loaded, 
hydrogen is loaded as being filled in a cylinder as a 
compressed gas or in a method that hydrogen is stored in a 
hydrogen storage alloy (See Patent Documents 1 to 3 , for 
example) . In this type of electric automobile with 
hydrogen loaded, since the fuel gas to be supplied to an 
electrode of the fuel cell is a hydrogen gas with an 
extremely high purity, high generation efficiency can be 
obtained at driving the fuel cell, and the size of the fuel 
cell can be reduced. Also, since the hydrogen gas with an 
extremely high purity is used, harmful substances are not 
generated in a process that various reactions progress in 
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the electric automobile, and it has a merit that the 
environment is not polluted by driving of the electric 
automobile . 

[Patent Document 1] Japanese Unexamined Patent 
Application Publication No. 2002-370544 

[Patent Document 23 Japanese Unexamined Patent 
Application Publication No, 2003-182379 

[Patent Document 3] Japanese Unexamined Patent 
Application Publication No. 2004-22364 

[0004] On the other hand, as an electric automobile with a 
raw fuel for generating hydrogen loaded, those having 
methanol or the like loaded as the raw fuel and moreover a 
reformer which reforms this raw fuel and performs reforming 
reaction for generating a gas including hydrogen is known 

(See Patent Documents 4 to 7, for example) . For this type 
of electric automobile having the raw fuel and the reformer 
loaded in this way, when it particularly uses liquid fuel 
such ae methanol as a raw fuel, it hag a merit that a 
distance which can be covered by the electric automobile by 
one fuel replenishment is longer than the case where a gas 
fuel is loaded. Moreover, the raw fuel such as methanol 
and hydrocarbon has a merit that handling at transportation 
and the like is easy and safe as compared with hydrogen gas. 

[Patent Document 4] Japanese Unexamined Patent 
Application Publication No. 2000-149974 

[Patent Document 5] Japanese Unexamined Patent 
Application Publication No. 2001-113960 
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[Patent Document 6] Japanese Unexamined Patent 
Application Publication No. 2001-202980 

[Patent Document 7] Japanese Unexamined Patent 
Application Publication No. 2001-29S807 

[0005] However, with regard to the electric automobile 
having hydrogen loaded as a fuel has such a problem pointed 
out in spread of electric automobile that it is difficult 
to widely distribute hydrogen to be filled in a cylinder or 
stored in the hydrogen storage alloy and to make them 
available easily. Particularly, handling of hydrogen gas 
is not easy, and there are many problems to be solved in 
easy transportation and storage of a large quantity of 
hydrogen gas. If a hydrogen storage alloy is used for 
transportation or storage of hydrogen, handling is 
facilitated, but currently known hydrogen storage alloys 
are all rare metal and extremely expensive. Therefore a 
method that all the means for transportation and storage of 
hydrogen are constituted using a hydrogen storage alloy can 
be hardly realized. In transportation or storage of 
hydrogen in whatever method, it has a problem that a stable 
hydrogen distribution system should be established in order 
to directly supply hydrogen to an electric automobile as a 
fuel. 

[000 6] Moreover, with regard to a reformer when methanol, 
dimethyl ether (DME) , ethanol, natural gas, propane, 
gasoline, etc. is loaded on an electric automobile as a raw 
fuel, development of a methanol reformer with the lowest 
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reforming temperature among them is the most advanced, and 
there are three reforming methods are currently employed: 
steam reforming, partial oxidization reforming and 
reforming using the both (See Non-patent Document l) . 
However, with any of the reforming method being employed, 
reforming should be performed at a high temperature of 
20 0*^0 or above in order to manufacture a gas including 
hydrogen, and there are problems of poisoning of reforming 
catalyst, removal of CO contained in the reformed gas (gas 
including hydrogen) , mixture of nitrogen in the air into 
the reformed gas obtained by partial oxidization reform or 
reform using the both methods. 

[Non-patent Document 1] "Development and Practical 
Application of Solid Polymer type Fuel Cell", PP 141 to 166, 
May 28, 1999, issued by Technical Infoamiation Institute, 
Co., Ltd. 

[0007] Moreover, an invention of a method for generating 
hydrogen by electrochemical reaction (See Patent Documents 
8, 10} and an invention of a fuel cell using hydrogen 
generated by an electrochemical method (See Patent 
Documents 9 to 11) are also known. 

[Patent Document S] Japanese Patent Publication No. 
3328993 

[Patent Document 9] Japanese Patent Publication No. 
3360349 

[Patent Document 10] United States Patents 
Publications Nos. 6,299,744, 6,368,492, 6,432,284, 
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6,533,919, and United States Patent Publication No. 
2003/0226763 

[Patent Document 11] Japanese Unexamined Patent 
Application P\iblication No 2001-297779 

[0008] Patent Document 8 cited above describes (Claim 1) , 
''a metliod for generating liydrogen comprising providing a 
pair of electrodes on ttie two opposite surfaces of a cation 
excliange membrane, contacting a fuel containing at least 
methanol and water with one electrode having a catalyst, 
applying a voltage between the pair of electrodes so that 
electrons are withdrawn from the electrodes thereby causing 
a reaction to occur on the electrodes whereby hydrogen ions 
are generated from methanol and water, and allowing 
hydrogen ions to be converted on the other electrode, being 
supplied with electrons, into hydrogen molecules." The 
same patent document discloses another method (paragraphs 
[0033] to [0038] ) for selectively generating hydrogen using 
a conversion system, the method comprising supplying water 
or water vapor together with methanol which serves as a 
fuel, applying a voltage via an external circuit to cause 
electrons to be withdrawn from a fuel electrode, so that 
reaction represented by CH3OH + 2H2O CO2 + 6e' + 6H* 

occurs on the fuel electrode, and allowing hydrogen ions 
thus produced to pass through a cation exchange membrane to 
reach the opposite electrode where the hydrogen ions 
undergo reaction represented by 4- 6e* --> 3H2. Patent 
Document 9 cited above describes (paragraphs [0052] to 
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[0 05 6] ) a fuel cell which Utilizes hydrogen generated by a 
method as described above. 

According to the inventions described in Patent 
document 8 (paragraph [0042] ) and Patent Document 9 

(paragraph [0080]) cited above, it is possible to generate 
hydrogen at a low temperature. However ^ the methods 
described in those inventions are obviously different from 
the hydrogen generating device to be loaded on an electric 
automobile of the present invention which will be given 
below in following points: those methods require the 
application of voltage, and hydrogen is generated on the 
electrode opposite to the electrode (fuel electrode) to 
which fuel is supplied, and no oxidizing agent is supplied 
to the opposite electrode. 

[0009] This holds true also for the inventions disclosed 
by Patent Document 10 cited above similarly to Patent 
Documents 8 and 9 cited above. Those inventions use a 
system for generating hydrogen where protons generated on 
anode 112 serving as fuel electrode pass through partition 
membrane 110 to reach cathode 114 opposite to the anode, 
and according to the system, voltage from DC power source 
120 is provided between anode {fuel electrode) and cathode 

(opposite electrode) to decompose organic fuel such as 
methanol or the like electrochemically . In addition, 
hydrogen is generated on the electrode opposite to the fuel 
electrode, and no oxidizing agent is supplied to the 
opposite electrode. 
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[0010] Patent Document 11 cited above discloses a fuel 
cell system incorporating a hydrogen generating device. 
According to the disclosure (Claim 1) of the invention, 
'^Liquid fuel containing alcohol and water is supplied to 
porous electrode 1 (fuel electrode) , air is supplied to gas 
diffusion electrode 2 (oxidizing agent-applied electrode) 
opposite to electrode i, and a load is inserted between a 
terminal leading to porous electrode 1 and another terminal 
leading to gas diffusion electrode 2 to achieve electric 
connection allowing a positive voltage to be applied to 
porous electrode l via the load from gas diffusion 
electrode 2 which corresponds to the positive electrode of 
MEA2 capable of acting as a conventional fuel cell," The 
same patent document further adds (paragraph [00 07] ) , ''As a 
result, alcohol reacts with water to produce carbon dioxide 
gas and hydrogen ion, the hydrogen ion passes through an 
electrolyte membrane 5 to reach a gas diffusion electrode 6 
located centrally where the hydrogen ion is converted into 
hydrogen gas. On the opposite surface of gas diffusion 
electrode 6 in contact with another electrolyte layer 7, 
there arises another electrode reaction where hydrogen gas 
is reconverted into hydrogen ion, and hydrogen ions migrate 
through electrolyte layer 7 to reach another gas diffusion 
electrode 2 where hydrogen ions react with oxygen in air to 
produce water.'' Thus, with this system, electric energy 
generated by a fuel cell is utilized to generate hydrogen 
on the hydrogen generating electrode (gas diffusion 
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electrode 6) which is then supplied to the fuel cell. 
Moreover, the system is the same with those described in 
the patent documents 8 to 10 cited above in that hydrogen 
is generated on the electrode opposite to the fuel 
electrode . 

[0011] There are some other known methods for generating 
hydrogen {See Patent Documents 12 and 13) . According to 
the inventions, a reaction system with a partition membrane 
is used where anode (electrode A) and cathode (electrode B) 
are placed opposite to each other with a proton conducting 
membrane (ion conductor) inserted therebetween, and where 
alcohol (methanol) is oxidized with or without concomitant 
application of voltage, or with concomitant uptake of 
electric energy. All those methods, however, are based on 
a method whereby alcohol is oxidized by means of an 
electrochemical cell (the reaction product includes 
carbonic diester, formalin, methyl formate, 
dime thoxyme thane, etc.), and not on a method whereby 
alcohol is converted by reduction into hydrogen," 

[Patent Document 12] Japanese Unexamined Patent 
Application Publications No. 6-73582 (Claims 1 to 3 , 
paragraph [0050] ) 

[Patent Document 13] Japanese Unexamined Patent 
Application Publications No. 6-73 583 (Claims 1 and 8, 
paragraphs [0006] and [0019]) 
[DISCLOSURE OF THE INVENTION] 
[PROBLEMS TO BE SOLVED BY THE INVENTION] 
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[0012] With a view to give a. solution to the above 
problems / the present invention aims to provide an electric 
automobile on which hydrogen genera.ting device is loaded 
which can easily supply hydrogen to a fuel cell and can 
generate a gas containing hydrogen at a low temperature. 

[MEASURES FOR OVERCOMING THE PROBLEMS] 

[0013] Proposed to give a solution to the problems, the 
present invention can be reduced to following constitutive 
elements . 

(1) An electric automobile provided with at least a 
fuel cell for power generation by supply of hydrogen and 
oxidizing agisnt, a hydrogen generating device for 
generating a gas containing hydrogen to be supplied to the 
fuel cell, and a motor driven by electricity generated by 
the fuel cell, characterized in that the hydrogen 
generating device is to generate a gas containing hydrogen 
by decomposing a fuel containing an organic compound, 
comprising a partition membrane, a fuel electrode provided 
on one surface of the partition membrane , means for 
supplying a fuel containing the organic compound and water 
to the fuel electrode, an oxidizing electrode provided on 
the other surface of the partition membrane, means for 
supplying an oxidizing agent to the oxidizing electrode, 
and means for generating and collecting the gas containing 
hydrogen from the fuel electrode. 

(2) The electric automobile as described in the above 
(1) . wherein the hydrogen generating device is an open 
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circuit having neither means for withdrawing electric 
energy to outside from a hydrogen generating cell 
constituting the hydrogen generating device, nor means for 
providing electric energy from outside to the hydrogen 
generating cell, 

(3) The electric automobile as described in the above 
(1) , wherein the hydrogen generating cell in the hydrogen 
generating device has means for withdrawing electric energy 
to outside with the fuel electrode serving as a negative 
electrode and the oxidizing electrode as a positive 
electrode . 

(4) The electric automobile as described in the above 
(1), wherein the hydrogen generating cell in the hydrogen 
generating device has means for providing electric energy 
from outside with the fuel electrode serving as cathode and 
the oxidizing electrode as anode. 

(5) The electric automobile as described in the above 

(1) , wherein voltage between the fuel electrode and the 
oxidizing electrode is 200 to 1000 mV in the hydrogen 
generating device . 

(6) The electric automobile as described in the above 

(2) , wherein voltage between the fuel electrode and the 
oxidizing electrode is 300 to 800 mV in the hydrogen 
generating device. 

(7) The electric automobile as described in the above 

(3) / wherein voltage between the fuel electrode and the 
oxidizing electrode is 200 to 600 mV in the hydrogen 
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generating device. 

(8) The electric automobile as described in the above 

(3) or (7), wherein voltage between the fuel electrode and 
the oxidizing electrode and/or the evolution volume of 
hydrogen-containing gas are/is adjusted by Varying the 
volume of electric energy withdrawn from the hydrogen 
generating device. 

(9) The electric automobile as described in the above 

(4) , wherein voltage between the fuel electrode and the 
oxidizing electrode is 3 00 to 10 00 mV in the hydrogen 
generating device. 

(10) The electric automobile as described in the 
above (4) or (9) , wherein voltage between the fuel 
electrode and the oxidizing electrode and/or the evolution 
volume of hydrogen -containing gas are/is adjusted by 
varying the volume of electric energy provided in the 
hydrogen generating device. 

(11) The electric automobile as described in any one 
of the above (1) to {10) , wherein the evolution volume of 
hydrogen- containing gas is adjusted by varying voltage 
between the fuel electrode and the oxidizing electrode in 
the hydrogen generating device. 

(12) The electric automobile as described in any one 
of the above (1) to (11) , wherein voltage between the fuel 
electrode and the oxidizing electrode and/or the evolution 
volume of hydrogen-containing gas are/is adjusted by 
varying the supply volume of the oxidizing agent in the 
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hydrogen generating device. 

(13) The electric automobile as described in any one 
of the above (1) to (12), wherein voltage between the fuel 
electrode and the oxidizing electrode and/or the evolution 
volume of hydrogen- containing gas are/is adjusted by 
varying the supply volume of the oxidizing agent in the 
hydrogen generating device. 

(14) The electric automobile as described in any one 
of the above (l) to (13) , wherein voltage between the fuel 
electrode and the oxidizing electrode and/or the evolution 
volume of hydrogen- containing gas are/is adjusted by 
varying the supply volume of fuel containing an organic 
compound and water in the hydrogen generating device. 

(15) The electric automobile as described in any one 
of the above (1) to (14) wherein voltage between the fuel 
electrode and the oxidising electrode and/or the evolution 
volume of hydrogen- containing gas are/ is adjusted by 
varying the supply volume of fuel containing an organic 
compound and water in the hydrogen generating device . 

(16) The electric automobile as described in any one 
of the above (1) to (15) , wherein the operation temperature 
of the hydrogen generating device is not higher than 100°C. 

(17) The electric automobile as described in the 
above (16), wherein the operation temperature is between 30 
and 90 ^C. 

(18) The electric automobile as described in any one 
of the above (1) to (17) , wherein the organic compound 
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supplied to the fuel electrode of tlie hydrogen generating 
device is alcohol. 

(19} The electric automobile as described in the above 
(18), wherein the alcohol is methanol. 

(20) The electric automobile as described in any one 
of the above (1) to (19) , wherein the oxidiziing agent 
supplied to the oxidizing electrode of the hydrogen 
generating device is an oxygen- containing gas or oxygen. 

(21) The electric automobile as described in any one 
the above (1) to (19) , wherein the oxidizing agent supplied 
to the oxidizing electrode of the hydrogen generating 
device is a liquid containing hydrogen peroxide solution. 

(22) The electric automobile as described in any. one 
of the above (1) to (21) , wherein the partition membrane of 
the hydrogen generating device is a proton conducting solid 
electrolyte membrane, 

(23) The electric automobile as described in the above 
(22) , wherein the proton conducting solid electrolyte 
membrane is a perf luorocarbon sulf onate-based solid 
electrolyte membrane . 

(24) The electric automobile as described in any one 
of the above (1) to (23) , wherein a catalyst of the fuel 
electrode of the hydrogen generating device is made of 
platinum -ruthenium alloy supported by carbon powder serving 
as a base. 

(25) The electric automobile as described in any one 
of the above (1) to (24), wherein a catalyst of the 
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oxidizing electrode of the hydrogen generating device is 
made of platinum supported by carbon powder serving as a 
base . 

(26) The electric automobile as described in any one 
of the above (1) to (15) , wherein means for circulating 
fuel containing an organic compound and water is provided 
at the hydrogen generating device- 

(27) The electric automobile as described in any one 
of the above (l) to (26), wherein a carbon dioxide 
absorbing portion for absorbing carbon dioxide contained in 
the generated hydrogen -containing gas is provided at the 
hydrogen generating device. 

[0014] Here, the hydrogen generating device to be loaded 
on the electric automobile in the above (2) to (4) has the 
means for supplying the fuel and the oxidizing agent to the 
hydrogen generating cell constituting the hydrogen 
generating device, and as this means, a pump, a blower or 
the like can be used. Besides that, in the case of the 
above (3), the discharge control means for withdrawing 
electric energy from the hydrogen generating cell is 
provided, and in the case of the above (4) , the 
electrolytic means for providing the electric energy to the 
hydrogen generating cell is provided. The case of the 
above (2) is an open circuit having neither discharge 
control means for withdrawing electric energy from the 
hydrogen generating cell, nor electrolyte means for 
providing electric energy from outside to the hydrogen 
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generating cell. And the hydrogen generating device loaded 
on the electric automobile in the above (1) includes the 
hydrogen generating device loaded on the electric 
automobile in the above (2) to (4) . Moreover, these 
hydrogen generating device have a function to control the 
supply volume or concentration of the fuel and the 
oxidizing agent and the electric energy to be withdrawn (in 
the case of the above (3)) or the electric energy to be 
provided {in the case of the above (4)) by monitoring the 
voltage of the hydrogen generating cell and/or the 
evolution volume of hydrogen- containing gas. The basic 
construction of the hydrogen generating cell constituting 
the hydrogen generating device is that the fuel electrode 
is provided on one surface of the partition membrane, a 
structure for supplying the fuel to the fuel electrode, 
while the oxidizing electrode is provided on the other 
surface of the partition membrane, a structure for 
supplying the oxidizing agent to the oxidizing electrode. 

Also, the electric automobile is not limited to 
those obtaining a driving force of the vehicle only by a 
fuel cell but includes a hybrid car also using another 
power source . 
[EFFECT OP THE I^TVElSTTlON] 

[0015] Since the electric automobile of the present 
invention has the hydrogen generating device loaded which 
can reform the fuel at loo*^c or less from a room 
temperature, which is extremely lower than the conventional 
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reforming temperature, both time required for start and 
energy amount to raise the temperature of a reformer can be 
reduced, which realizes size reduction of a battery for 
start. Also, such effects are exerted that em insulating 
material for insulating a heat generated by the reforming 
device can be made unnecessary, and a hydrogen- containing 
gas generated from the hydrogen generating device can be 
easily supplied to the fuel cell without being cooled. 

If the means for withdrawing the electric energy is 
provided, the electric energy can be used for operating the 
auxiliary machines such as pump, blower or the like and 
also can be used as a part of electric source for driving 
of the electric automobile, and its . effect is great in 
terms of effective utilization of energy- 
Even if the means for providing the electric energy 
from the outside is provided, by supplying a small amount 
of electric energy from the outside to the hydrogen 
generating cell, hydrogen larger than the inputted electric 
energy can be generated, which is another effect. 
[BEST MODE FOR CARRYING OUT THE INVENTION] 

[0016] The most preferred embodiments in the execution of 
the present invention will be illustrated below. 

The hydrogen generating device loaded on an electric 
automobile of the invention is basically novel, and the 
embodiments thereof described herein are given only for the 
illustrative representation of the invention, and not for 
limiting the scope of the invention. 
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[0017] The basic construction of the electric automobile 
of the invention comprises a fuel cell for generating power 
fay supplying hydrogen and an oxidizing agent, a hydrogen 
generating device for generating a hydrogen- containing gas 
to be supplied to the fuel cell, and a motor driven by 
electricity generated by the fuel cell. 

Fig, 1 shows an example of a system flow of the fuel 
cell system in the electric automobile of the invention. 

Since the hydrogen generating device is operated at a 
low temperature/ it is not necessaory to provide a heater to 
raise temperature as shown in Fig. l, it may be provided as 
necessary 

[0018] To the hydrogen electrode of the fuel cell, 
hydrogen generated by the hydrogen generating device is 
supplied while to the oxidizing electrode, air (oxygen) from 
the air blower is supplied, and a reaction of a formula [i] 
occurs at the hydrogen electrode and a reaction of a 
formula [2] occurs at the oxidizing electrode. At the 
entire fuel cell, a reaction of a formula [3] occurs and 
water (steam) is generated and electricity is generated. 
Ha -> 2H% 2e' ... [1] 
2H* + 2e- + (1/2)02 -> H2O ... [2] 
H2 + (1/2)02 -> H2O ... [3] 

[0019] As the fuel cell, if the fuel is hydrogen, any 
hydrogen may be used, but a solid polymer fuel cell (PEFC) 
which can be driven at a low temperature below 100**C is 
preferable. As the solid polymer fuel cell, a fuel cell 
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stack in whicli a plurality of knovm single cells are 
laminateci may be employed. One single cell comprises a 
solid polymer electrolyte membrane such as Naf ion 
(trademark of Dupont) , the hydrogen electrode and the 
oxidizing electrode, which are diffusion electrodes holding 
it from both sides, and two separators and the like further 
holding them from both sides. On the both surfaces of the 
separator, projections and recesses are formed, so as to 
form gas feed channels in single cell between the hydrogen 
electrode and the oxidizing electrode between them. Among 
them, the supplied hydrogen gas flows through the gas feed 
channel in single cell formed with the hydrogen electrode, 
while oxidizing agent such as oxygen (air) flows through the 
gas feed channel in single cell formed with the oxidizing 
electrode , respectively . 

still, cell radiator can be applied to the fuel cell, 
[0020] The electricity generated by the fuel cell is 
supplied to the motor, which is a power source of the 
electric automobile to drive the motor, and its generated 
torque is transmitted to an axle by a gear to drive wheels 
and to run the automobile. 

[0021] Moreover, in order to store electricity generated 
by the fuel cell, it is preferable to provide an electric 
energy storing device. The electricity generated by the 
fuel cell is supplied to the motor and the electric energy 
storing device by using the control device according to a 
load of the motor and a stored electricity amount of the 
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electric energy storing device. Specifically, at 
acceleration, for example, if the load to the motor is 
large, the electricity from the fuel cell and the electric 
energy storing device is supplied to the motor. 
Alternatively, at deceleration, braking or the like, 
regenerative electric power obtained from the motor is 
supplied to the electric energy storing device. As the 
electric energy storing device, a secondary cell, an 
electric double- layer capacitor or the like can be used. 

[0022] As above, on the oxidizing electrode side of the 
fuel cell, since steam (H2O) is generated according to the 
formula [2] , the oxygen off gas exhausted from the fuel 
cell contains a large quantity of steam. The steam 
contained in the oxygen off gas is preferably condensed by 
a condenser and recovered as water. 

[0023] The hydrogen generating cell in the hydrogen 
generating device loaded on the electric automobile of the 
invention is basically composed of a partition membrane, a 
fuel electrode provided on one surface of partition 
membrane and an oxidizing electrode provided on the other 
surface of partition membrane as described above. The 
element configured as described above may be represented by 
an MEA (membrane/electrode assembly) used in a direct 
methanol fuel cell. 

[00024] The method for fabricating an MEA is not limited 
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to any specific one, but a method similar to a conventional 
one may be employed wherein a fuel electrode and an 
oxidising electrode (air electrode) with a partition 
membrane inserted therebetween are compressed at a high 
temperature to be assembled. 

[00025] Suitable partition membranes may Include a proton 
conducting solid electrolyte membrane which has been used 
as a polymer electrolyte membrane of a fuel cell . The 
proton conducting solid electrolyte membrane preferably 
includes a membrane based on perf luorocarbon sulfonate 
having sulfonic acid group such as Nafion provided by 
Dupont . 

[0026] The fuel electrode or oxidizing (air) electrode is 
preferably an electrode which is conductive and has a 
catalytic activity. Production of such an electrode may be 
achieved by providing a catalyst paste onto a gas diffusion 
layer and drying the paste, wherein the paste is comprised 
of a catalyst obtained by blending a precious metal with 
carbon powder serving as a base, a binding agent such as a 
PTFE resin, and an ion conductivity conferring substance 
such as Nafion solution. 

The gas diffusion layer is preferably made of a carbon 
paper treated to be water-repellent. 

The catalyst to be applied to fuel electrode is not 
limited to any specific one, but is preferably a platinum- 
ruthenium alloy supported by carbon powder serving as a 
base . 
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The catalyst applied to air electrode is not limited 
to any specific one, but is preferably platinum supported 
by carbon powder serving as a base. 

[0027] For a hydrogen generating device configured as 
described above, when fuel containing an organic compoLind 
such as an aqueous solution of methanol is supplied to the 
fuel electrode, and an oxidizing agent such as air, oxygen 
or hydrogen peroxide is supplied to the oxidizing (air) 
electrode, gas containing hydrogen evolves on the fuel 
electrode under specified conditions. 

[0028] The hydrogen generating method of the hydrogen 
generating device loaded on the electric automobile of the 
invention are quite different from conventional hydrogen 
generating methods, and it is still difficult at present to 
explain the mechanism. The hypothesis which is currently 
thought most likely to be true will be described below, but 
it can not be denied that the hypothesis would be upset by 
new reactions which will shed new light to the phenomenon. 

[0029] According to the hydrogen generating device loaded 
on the electric automobile of the invention, hydrogen- 
containing gas evolves, at a temperature as low as 30 to 
90*'C, from the fuel electrode which receives the supply of 
methanol and water as will be described below. When no 
electric energy is supplied from outside to the hydrogen 
generating cell, gas containing hydrogen at 70 to 80%- 
evolves, while when electric energy is supplied from 
outside to the cell, gas containing hydrogen at 80% or 
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higher evolves. The evolution of gas depends on the open 
circuit voltage or operation voltage between the two 
electrodes. Base on these results, the most likely 
explanation of the mechanism underlying the evolution of 
hydrogen is as follows. For brevity, description will be 
given below on the premise that the cell is kept under 
circuit -open condition. 

[0030] Let's assume for example that methanol is applied, 
as fuel, to a hydrogen generating device of the invention. 
Firstly proton is likely to be generated on the fuel 
electrode by virtue of a catalyst, as is the case with a 
DMFC. 

CH3OH + H2O --> CO2 + 6H* + 6e" . . . . (1) 
When Pt-Ru is used as a catalyst, methanol is 
adsorbed to the surface of Pt, and undergoes a series of 
electrochemical oxidization reactions as described below, 
resulting in the production of chemical species firmly 
adhered to the surface of the catalyst ultimately leading 
to reaction {1) described above, so it is contended 
("Handbook of Electric Cell,'' Feb 20, 2001, p. 406, Maruzen 
3rd edition) . 

CH3OH + Pt Pt- (CH30H)ads 

Pt- (CH20H)ads + H* + e- 

Pt- (CH20H)ads -->Pt- {CHOH)ads + + e" 

Pt-(CHOH)ads Pt-(COH)ads + + e" 

Pt-(COH)ads Pt-(CO)ads + H* + e" 

To further oxidize Pt-(CO)ads, it is necessary to 
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prepare (OH) ads from water. 

Ru + H2O - - > Ru-(H20)ads 

--> Ru-(OH)ads + H"^ + e" 

Ru-(OH)ads + Pt-{CO)ads Ru + Pt + CO2 + H"" + e" 

[0 0 31] For a DMFC, H"" (proton) generated on the fuel 
electrode as a result of the reaction represented by 
formula (1) migrates through a proton conducting solid 
electrolyte membrane to reach the oxidizing electrode where 
it reacts with oxygen- containing gas or oxygen supplied to 
the oxidizing electrode as represented by the following 
reaction formula. 

3/2O2 + 6H^ + 6e' 3H2O (2) 

Since the hydrogen generating device loaded on the 
electric automobile of the invention works under open- 
circuit condition, e' generated as a result of the reaction 
represented by formula (l) can not be supplied through an 
external circuit to the oxidizing electrode. Therefore, 
for the reaction represented by foirmula (2) to occur, it is 
necessary to supply e' to the oxidizing electrode from a 
different reaction. 

[0032] By the way, with regard to a DMFC using a proton 
conducting solid electrolyte membrane such as Nafion, there 
has been Icnown a phenomenon called methanol crossover, that 
is, the crossover of methanol from the fuel electrode to 
the oxidizing electrode. Thus, it is possible that crossed 
methanol undergoes electrolytic oxidization represented by 
the following formula on the oxidizing electrode. 
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CH3OH + H2O CO2 + SH* + 6e' .... (3) 
If the reaction' represented by formula (3) occurs, e" 
produced as a result of the reaction is supplied to allow 
the reaction represented by formula (2) to occur there. 
[0033] The (proton) produced as a result of the 
reaction represented by formula (3) migrates through the 
proton conducting solid electrolyte membrane to reach the 
fuel electrode to undergo there a reaction represented by 
the following formula to produce hydrogen. 
6H^ + 6e' --> 3H2 (4) 

In this sequence of reactions, the transfer of H"^ and 
e" produced as a result of the reaction represented by 
formula (1} on the fuel electrode to the oxidizing 
electrode and the transfer of H* and e* produced as a 
result of the reaction represented by formula (3) on the 
oxidizing electrode to the fuel electrode are likely to be 
apparently canceled out by each other. 

Then, on the oxidizing electrode there arises reaction 
as represented by formula (2) based on H"" and e' produced 
as a result of the reaction represented by formula (3) , 
while on the . fuel electrode there arises reaction as 
represented by formula (4) based on H* and e" produced as a 
result of the reaction represented by formula (1) . 
[0034] Assumed that reactions represented by formulas (l) 
and (4) occur on the fuel electrode while reactions 
represented by formulas (2) and (3) occur on the oxidizing 
electrode, the net balance of chemical reactions is likely 
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to be expressed by the following formula (5) . 

2CH3OH + 2H2O + 3/2O2 --> 2CO2 + 3H2O + 3H2 .... (5) 
The theoretical efficiency of this reaction is 59% 
(calorific value of 3 mol . hydrogen/ calorific value of 2 

mol . methanol) . 

[0035] However, the standard electrode potential EO of the 
reaction represented by formula (1) is EO = 0.04 6 V, while 
the standard electrode potential EO of the reaction 
represented by formula (4) is EO = 0.0 V. Thus, if the two 
reactions are combined to form a cell, the electrode where 
the reaction of formula (1) will occur will serve as a 
positive electrode while the electrode where the reaction 
of formula (4) will occur will serve as a negative 
electrode. The reaction of formula (1) will proceed in the 
direction opposite to the arrow represented direction. 
Similarly, the reaction of formula (4) will also proceed in 
the direction opposite to the arrow represented direction. 
Thus, the cell will not generate hydrogen. 

For the cell to generate hydrogen, it is necessary to 
make both the reactions of formulas (1) and (4) proceed in 
the direction represented by the arrow. For this purpose, 
it is absolutely necessary to make the reaction of formula 
(1) occur on a negative electrode and the reaction of 
formula (4) on a positive electrode. If it is assumed that 
the entire area of fuel electrode is uniformly at a 
constant level, it is necessary to shift the methanol 
oxidizing potential to a lower level or to shift the 
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hydrogen generating potential to a higher level. 
[0036] As will be described later in relation to Example/ 
a reaction system exposed to a higher temperature is more 
apt to generate hydrogen, and thus endothermic reactions 
(1) and (3) are likely to proceed in the arrow- indicated 
direction, being supplied heat from outside via other 
exothermic reactions . 

Methanol not only undergoes reactions as represented 
by formulas (l) and (3) , but is also subject, as a result 
of crossover, to the subsidiary reaction where methanol 
permeating from the fuel electrode is oxidised by oxygen on 
the surface of catalyst coated on the air electrode as 
represented by the following formula. 

CH3OH + 3/2O2 CO2 4- 2H2O ..-.(6) 

Since the reaction of foinnula (6) is an exothermic 
reaction, heat generated by this reaction is most likely to 
be used to allow reactions represented by formulas (1) and 
(3) to occur. 

[0037] With regard to a hydrogen generating device loaded 
on the electric automobile as described in Claim 2 of the 
invention (open- circuit condition hereinafter) , as apparent 
in relation to Example described later, supply of oxygen 

(air) is decreased, and when the open-circuit voltage is 
300 to 800 mV, hydrogen evolves. However, this is probably 
because the reaction represented by 3/2O2 + fiH* + 6e" 
3H2O of formula (2) does not easily occur and moving of H* 
from fuel electrode to oxidizing electrode is limited; and 



- 32 - 



2011/01/04/j^ 17:20 IMm 



FAX|^:03-3538-7131 



P. 038 



thus undergoes reaction represented by formula (4) to 
produce hydrogen. 

Namely, it is likely that concentration of at 
fuel electrode or the like may affect the hydrogen 
generating potential in view that it is probably because 
level of use for generated by the reaction of formulae 

(1) and (3) is involved in that hydrogen will evolve or not 
by the reaction of formulae (4) * 

[0038) With regard to a hydrogen generating device loaded 
on the electric automobile as described in Claim 3 of the 
invention (discharging condition hereinafter) , hydrogen is 
likely to be generated depending on the same mechanism as 
in the open-circuit condition. However, in contrast with 
the open-circuit condition, it is necessary with this 
system for corresponding in volume to discharge current 
to migrate from the fuel electrode to the oxidizing 
electrode in order to establish the neutralized electrical 
condition of the cell. Therefore, it is likely that 
reaction of formula (1) rather than reaction of formula (4) 
will occur on the fuel electrode while reaction of formula 

(2) rather than reaction of formula (3) will occur on the 
oxidizing electrode. 

As will be described later, if discharge current 
becomes large (because of a large volume of e" being 
supplied to the oxidizing electrode) , and if discharge 
voltage is lower than 200 mv, hydrogen will not evolve. 
However, this ±& probably because H* is completely used by 
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moving of H"^ from fuel electrode to oxidizing electrode and 
the reaction represented by 3/2O2 + SH* + 6e^ --> 3H2O of 
the above -formula (2) . 

[003 9] On the contrary, if supply of oxygen (air) is 
marginal, the discharge current will be reduced, and if 
discharge voltage (operation voltage) becomes 200 to 6 00 mV, 
hydrogen will 3till evolve- However, this is probably 
because the reaction presented by 3/2O2 + SK* -h 6e* --> 3H2O 
of the above formula (2) does hardly occur and moving of 
from fuel electrode to oxidizing electrode is limited, and 
thus H* undergoes reaction represented by formula (4) to 
produce hydrogen. 

Namely, as similar to the above -case on the open- 
circuit condition, it is likely that concentration of H"*" at 
fuel electrode or the like may affect the hydrogen 
generating potential in view that it is probably because 
level of use for H* generated by the reaction of formulae 
(1) and (3) is involved in that hydrogen will evolve or not 
by the reaction of formulae (4) . 

[0040] With regard to a hydrogen generating device loaded 
on the electric automobile as described in Claim 4 of the 
invention (charging condition hereinafter) , hydrogen is 
likely to be generated depending on the same mechanism as 
in the open-circuit condition. However, in contrast with 
the open-circuit condition, it is necessary with this 
system for H"^ corresponding in volume to electrolysis 
current to migrate from the oxidizing electrode to the fuel 



- 34 - 



2011/01/04/X 17:20 



FAXP: 03-3538-7131 



P. 040 



electrode in order to establish the neutralized electrical 
condition of the cell. Therefore, it is likely that 
reaction of formula (4) rather than reaction of formula (1) 
will occur on the fuel electrode while reaction of formula 
(3) rather than reaction of formula (2) will occur on the 
oxidizing electrode . 

To put it more specifically, with regard to the 
charging condition where the fuel electrode serves as 
cathode while the oxidizing electrode serves as anode ^ 
electric energy is supplied from outside (e^ is supplied 
from outside to the fuel electrode) . Then, basically 
electrolysis occurs in the system. As electric energy 
supplied (voltage applied) is increased, more hydrogen will 
be produced. This is probably because as more e" is 
supplied from outside to the fuel electrode, oxidization of 
methanol represented by formula (3) and reaction 
represented by formula (4) {6H'' + 6e" --> 3H2) will be more 
enhanced as will become apparent from the description given 
below in relation to Example. 

[0041] However, if supply of oxygen (air) is marginal, the 
energy efficiency of the system becomes high when applied 
voltage (operation voltage) is at a low range of 4 00 to 6 00 
mV. This is probably because in this range, other reaction 
occurs to make the energy efficiency high/ not only 
electrolysis . 

Namely^ at a low range of the operation voltage, 
reaction presented by 3/2O2 + 6H* + 6e" 3H2O of formula 
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(2) does hardly occur and so H"^ generated by reaction 
represented by foirmula (1) may be involved with reaction 
represented by formula (4) . 

[0042] The meaning of the potential of the cell will be 
described here. Generally, the voltage of a cell having 
two electrodes with an electrolyte membrane inserted 
therebetween is determined by the difference between the 
two electrodes of chemical potentials of ions which serve 
as conductors in electrolyte. 

If polarizations at the two electrodes are ignored, 
the voltage in c[uestion indicates the difference between 
the two electrodes of chemical potentials of hydrogen, in 
other words, partial pressures of hydrogen, since this cell 
uses a proton (hydrogen ion) conducting solid electrolyte 
membrane . 

[0043] According to the invention, as will be described 
later in relation to Example, if there is voltage between 
the fuel and oxidizing electrodes that is in a certain 
range, this indicates the evolution of hydrogen on the fuel 
electrode. Thus, if the difference of chemical potentials 
of hydrogen between the two electrodes falls within a 
certain range, reactions as represented by formulas (1) to 
(6) cited above will proceed which will result in the 
production of hydrogen. 

[0044] According to the hydrogen generating device loaded 
on the electric automobile of the invention, it is possible 
to adjust the evolution volume of hydrogen-containing gas 
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by varying the voltage (open-circuit voltage or operation 
voltage) between the fuel electrode and oxidizing (air) 
electrode, regardless of whether electric energy is 
withdrawn to outside from the hydrogen generating cell of 
the system or whether electric energy is supplied from 
outside to the hydrogen generating cell. 

As will be described below in relation of Example / 
the open- circuit condition evolves hydrogen at the open- 
circuit voltage of 30 0 to 80 0 mV; the discharging condition 
evolves hydrogen at the discharge voltage {operation 
voltage) of 200 to 600 mV; and the charging condition 
evolves hydrogen at the applied voltage (operation voltage) 
of 300 to 1000 mV (energy efficiency is high at 400 to 600 
mV) , Thus, it is possible to adjust the evolution volume 
of hydrogen- containing gas by varying open-circuit voltage 
or operation voltage in accordance with the voltage range 
cited above. 

[0045] As will be described below in relation of Example, 
it is possible to adjust the open- circuit voltage or 
operation voltage and/or the evolution volume (rate of 
hydrogen evolution) of hydrogen- containing gas by varying 
the supply volume of an oxidizing agent (oxygen- containing 
gas or oxygen, or hydrogen peroxide -containing liquid) , or 
the concentration of an oxidizing agent (oxygen 
concentration of oxygen- containing gas) , or the supply 
volume of organic compound-containing fuel, or the 
concentration of organic compound- containing fuel. 
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It is also possibla to adjust the operation voltage 
and/or the evolution volume of hydrogen-oontalning gas by 
varyinsr. for the disoharging condition, electric energy 
Withdraw to outaide, (varying current withdrawn to outside 
or varying the voltage withdrawn to outside using a 
constant-voltage controllable power source, for example 
so-called potentiostat) , or. for the charging condition, 
electric energy supplied to the system (or current supplied 
to the system, or by varying the voltage of the system 
using a constant-voltage power source, for example, so- 
called potentiostat) . 

C00461 Since according to the hydrogen generating device 
loaded on the electric automobile of the invention, it is 
possible to decompose organic compound-containing fuel at 
100 =c or lower, the temperature at which the system can be 
operated 1. made loo-c or lower. The operation temperature 
IS preferably 30 to 90-c. This is because, when the 
operation temperature is adjusted to be between 30 and Bo'c 
xt wrll become possible to adjust the open-circuit voltage 
or operation voltage, and/or the evolution volume of 
hydrogen-containing gas as will be described later in 
relation to Example. 

incidentally, for a hydrogen generating cell based on 
conventional fuel conversion technology, the operation 
temperature should be Kept at loo-c or higher. At this 
temperature range, water will become vapor and organic 
compound-containing fuel become gas. and even when hydrogen 
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evolves under this condition, it is necessary to provide 
means specifically adapted for separating hydrogen. The 
system of the present invention is also advantageous in 
this point . 

Indeed^ there will arise a problem as described above, 
when organic compound- containing fuel is decomposed at 
100 °C or higher. But a hydrogen generating device loaded 
on the electric automobile of the invention may be operated 
at a temperature slightly above 100 if there be need to 
do so, 

[004 7] As long as based on the putative principle, the 
organic compound- containing fuel may be liquid or gaseous 
fuel capable of producing proton as a result of 
electrochemical oxidization that can pass through a proton 
conductive partition membrane, and liquid fuel containing 
alcohol such as methanol is preferred. Since the organic 
compound- containing fuel is supplied with water, an aqueous 
solution of alcohol, particularly aqueous solution of 
methanol is preferred. The aqueous solution of methanol 
cited above as a preferred example of fuel is an aqueous 
solution containing at least methanol, and its 
concentration of methanol at a region where hydrogen- 
containing gas evolves may be arbitrarily determined as 
needed. 

[0048] Suitable oxidizing agents may include gaseous or 
liquid oxidizing agents. Suitable gaseous oxidizing agents 
may include oxygen- containing gas or oxygen. The 
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concentration of oxygen in oxygen- containing gas is 
preferably chosen to be 10% or higher particularly. 
Suitable licfuid oxidizing agents may include hydrogen 
peroxide - containing 1 iquid . 

[004 9] For a hydrogen generating device of the invention^ 
since the fraction of fuel converted into hydrogen is 
rather small, it is desirable to provide fuel circulating 
means to improve thereby the fraction of fuel to be 

converted into hydrogen. 

[0 050] The hydrogen generating device loaded on the 
electric automobile of the invention has means for 
collecting hydrogen- containing gas provided from the fuel 
electrode. The means is preferably so constructed as to be 
able to recover carbon dioxide as well as hydrogen. Since 
the system operates at a temperature as low as 100 °C or 
lower, it is possible to attach a carbon dioxide absorbing 
portion for absorbing carbon dioxide contained in hydrogen- 
containing gas to the system by simple means . 

Next/ illustrative examples (examples of hydrogen 
generation) of the present invention will be presented. 
However, the fractions of catalysts, PTFE, Nafion, etc., 
and the thickness of catalyst layer, gas diffusion layer 
and electrolyte membrane are not limited to the values 
cited in the examples, but may take any appropriate values. 

[EXAMPLE 1] 

[0O51] Illustrative examples of generating hydrogen based 
on the hydrogen generating device loaded on the electric 
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automobile (open- circuit condition) as defined by ClGLxm 2 
will be presented below. 

[Hydrogen generating example l-l] 

Hydrogen generating cells described in Example 1 

(generating examples l-l to 1-10) have tbe same structure 
as that of representative DMFCs . 

The structure of the hydrogen generating cell is 
outlined in Pig. 2. 

The electrolyte membrane consists of a proton 
conducting electrolyte membrane provided by Dupont (Naf ion 
115) ; and the air electrode is obtained by immersing carbon 
paper (Toray) in a solution where polytetraf luoroethylene 
is dispersed at 5%, and baking the paper at BSO^^c to make 
it water-repellent, and coating, on one surface of the 
paper, air electrode catalyst paste comprised of air 
electrode catalyst (carbon- supported platinum, Tanaka 
Precious Metal) , fine powder of PTFE, and 5% Naf ion 
solution (Aldrich) . Thus, the air electrode exists as a 
gas diffusion layer with air electrode catalyst. In the 
preparation of the air electrode catalyst paste, the 
percent contents by weight of air electrode catalyst, PTFE, 
and Naf ion were made 65%, 15% and 20%, respectively. The 
loading level of catalyst of the air electrode prepared as 
above was 1 mg/cm^ in terms of the weight of platinum per 
unit area. 

[0052] Another carbon paper was similarly treated to be 
made water-repellent . One surface of the paper was coated 
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with fuel electrode catalyst paste comprised of fuel 
electrode catalyst (carbon- supported platinum- ruthenium, 
Tanaka Precious Metal) , fine powder of PTFE, and 5% Naf ion 
solution. Thus, the fuel electrode exists as a gas 
diffusion layer with fuel electrode catalyst. In the 
preparation of the fuel electrode catalyst paste, the 
percent contents by weight of fuel electrode catalyst, PTFE, 
and Naf ion were made 55%, 15% and 3 0%, respectively. The 
loading level of catalyst of the fuel electrode prepared as 
above was 1 mg/cm^ in terms of the weight of platinum- 
ruthenium per unit area. 

[0053] The electrolyte membrane, gas diffusion layer with 
air electrode catalyst and gas diffusion layer with fuel 
electrode catalyst were laid one over another to be hot- 
pressed at 14CC under a pressure of 100 kg/cm^ so that 
they were assembled to form an MEA. The mea prepared as 
above had an active electrode area of 6 0. S cm^. The 
thicknesses of air and fuel electrode catalyst layers were 
practically the same about 3 0 \im, and the thicknesses of 
air and fuel electrode gas diffusion layers were similarly' 
the same about 170 pm. 

[0 054] The MEA was further provided on its both surfaces 
with flow passages through which air can flow and fuel can 
flow, and was enclosed from outside with an air electrode 
separator and a fuel electrode separator respectively both 
made of graphite into which phenol resin is impregnated, in 
order to prevent the leak of gas from the MEA. To further 
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ensure the seal of MEA against the leak of fuel and air, 
MEA was surrounded with silicon-rubber made packing. 

[0055] The hydrogen generating cell prepared as above was 
placed in an electric furnace where hot air was circulated. 
The temperature (operation temperature) of the cell was 
kept at 3 0 to 70°C, air was flowed at a rate of 0 to 400 
ml/min to the air electrode, and 0.5 to 21X1 aqueous solution 
of methanol (fuel) was flowed at a rate of 2 to 15 ml/min 
to the fuel electrode. Then, the voltage difference 
between the fuel electrode and the air electrode (open 
voltage) , the volume of gas evolved on the fuel electrode 
and the composition of the gas were monitored and analysed. 

[0 056] First, the flow rate of aqueous solution of 
methanol (fuel) to the cell was kept 8 ml/min, and the 
temperature of air was kept at 30, 50, or 70°C, thereby 
altering the flow rate of air, and the volume of gas 
evolving from the fuel electrode was measured. The 
evolution volume of gas was determined by underwater 
conversion. The concentration of hydrogen in the evolved 
gas was detemined by gas chromatography, and the rate of 
hydrogen evolution was determined based on the result. 

[0057] The results are shown in Pig. 3. 

Evolution of hydrogen from the fuel electrode of the 
cell was confirmed with reduction of the flow rate of air 
for all the temperatures tested. The rate of hydrogen 
evolution becomes high as the temperature is raised. 
Studies of relation of the open-circuit voltage (open 
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voltage) with the flow rate of air indicate that as the 
flow rate of air becomes low, the open-circult voltage of 
the cell tends to decline. 

[0 058] Fig, 4 shows a graph for indicating relationship 
between the open-circuit voltage and the rate of hydrogen 
evolution, both adapted from the results of Fig, 3. 

From this, it was found that the rate of hydrogen 
evolution (volume of hydrogen evolution) tends to depend on 
the open-circuit voltage, and that hydrogen evolves when 
the open- circuit voltage is in the range of 4 00 to 600 mV. 
The rate of hydrogen evolution is the highest around 450 mV 
for all the temperatures tested. 

[0059] Next, fuel was flowed at 8 ml/min and air at 120 
ml/min at IC^C to allow gas to evolve, and the 
concentration of hydrogen in the gas was determined by gas 
chromatography . 

As a result, it was found that the gas contains 
hydrogen at about 70%, and carbon dioxide at about 15%, 

[0060] 

[Hydrogen generating example 1-2] 

The same hydrogen generating cell as that of hydrogen 
generating example l-l was used. The temperature of the 
cell was kept at lO^'c, and IM aqueous solution of methanol 

(fuel) was applied at the flow rate of 2 , 8, or 15 ml/min. 
Then, relations of the flow rate of fuel, the flow rate of 
air, the rate of hydrogen evolution and open- circuit 
voltage with the flow rate of air were shown in Fig. 5. 
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From the graph it was found that as the flow rate of 
fuel decreases^ the rate of hydrogen evolution becomes 
larger . 

[00 61] Fig. 6 shows a graph for indicating relationship 
between the open- circuit voltage and the rate of hydrogen 
evolution, both adapted from the results of Pig. 5. 

From this, it was found that the rate of hydrogen 
evolution depends on the open-circuit voltage, and is the 
highest around 4 50 mV for all the fuel flows tested as in 
hydrogen generating example 1-1. 

[00 62] In this generating example, the highest rate of 
hydrogen evolution 14.48 ml/min was obtained at the open- 
circuit voltage of 442 mV (operation temperature: 70°C; 
concentration of fuel: IM; flow rate of fuel: 2 ml/min; 
and flow rate of air: 100 ml/min) . The concentration of 
hydrogen in the evolved gas was determined by gas 
chromatography as in example 1-1, and found to be about 70%, 

[0063] 

[Hydrogen generating example 1-3] 

The same hydrogen generating cell as that of hydrogen 
generating example 1-1 was used. The temperature of the 
cell was kept at 70°C, and aqueous solution of methanol 

(fuel) at a fuel concentration of 0.5, 1 or 2M was applied 
at a constant flow rate of 8 ml/min. Then, relations of 
the flow rate of fuel, the flow rate of air, the rate of 
hydrogen evolution and open- circuit voltage with the flow 
rate of air were shown in Pig. 7. 
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From the graph it was found that as the concentration 
of fuel decreases, the rate of hydrogen evolution becomes 
larger. 

[00 64] Fig, 8 shows a graph for indicating relationship 
between the open- circuit voltage and the rate of hydrogen 
evolution^ both adapted from the results of Fig. 7. 

From this, it was found that the rate of hydrogen 
evolution depends on the open -circuit voltage, and that 
hydrogen evolves when the open-circuit voltage is in the 
range of 300 to 600 mV. The rate of hydrogen evolution is 
the highest around 450 mV for all the fuel concentrations 
tested as in hydrogen generating example 1-1. 

[0065] 

[Hydrogen generating example 1-4] 

Next, effect of the thickness of electrolyte membrane 
on the evolution volume of gas was studied. 

The hydrogen generating cell was constructed similarly 
to the above examples, using a Nafion 112 (Dupont) having a 
thickness of 50 pm, instead of Nafion 115 (Dupont) having a 
thickness of 130 as used in the above examples 1-1 to l- 
3. The cell was operated: temperature at 70°C; 
concentration of fuel at IM; and flow rate of fuel at 8 
ml/min, and relations of the flow rate of fuel, the flow 
rate of air and the rate of hydrogen evolution with the 
flow rate of air were studied. 

Both Nafion 115 and 112 membranes are made of the 
same material as a single difference in their thickness. 
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Thus, only the thickness of electrolyte membranes serves as 
a parameter to be studied in the experiment. The study 
results are summarized in Fig, 9. 

From this, it was found that the rate of hydrogen 
evolution was similar regardless of the thickness of 
electrolyte membrane. 

[0066] Fig. 10 shows a graph for indicating relationship 
between the open- circuit voltage and the rate of hydrogen 
evolution, both adapted from the results of Fig. 9. 

As seen from the figure, the rate of hydrogen 
evolution depends on the open-circuit voltage, and is the 
highest around 450 mv. 

[0067] 

[Hydrogen generating example 1-5] 

A hydrogen generating cell constructed as in hydrogen 
generating example 1-1 was placed in an electric furnace 
where hot -air was circulated. The temperature of the cell 
was kept at 30, 50, 70, or 90^C, air was flowed at a rate 
of 0 to 25 0 ml/min to the air electrode, and IM aqueous 
solution of methanol was flowed at a rate of 5 ml/min to 
the fuel electrode. Then, the open-circuit voltage, and 
the rate of hydrogen evolution from the fuel electrode were 
monitored and analyzed. 

[0 0 68] Relation of the rate of hydrogen evolution with the 
flow rate of air is represented in Fig- 11. 

Similarly to example 1-1, the evolution of hydrogen 
from the fuel electrode was confirmed with reduction of the 
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flow rate of air for all the temperatures tested. The rate 
of hydrogen evolution becomes high as the temperature is 
raised. Studies of relation of the open-circuit voltage 
(open voltage) with the flow rate of air indicate that as 
the flow rate of air becomes low, the open-circuit voltage 
of the cell tends to decline. 

[0069] Fig. 12 shows a graph for indicating relationship 
between the open- circuit voltage and the rate of hydrogen 
evolution, both adapted from the results of Fig. li. 

From this, it was found that the rate of hydrogen 
evolution depends on the open-circuit voltage, and hydrogen 
evolves when the open- circuit voltage is in the range of 
300 to 700 mv. The rate of hydrogen evolution is the 
highest aroumd 470 to 480 mV when the temperature is kept 
at 3 0 to 70 ^C, while the peak is shifted to 44 0 mV when the 
temperature is raised to 90 ^C. 
[0070] 

[Hydrogen generating example 1-6] 

The same hydrogen generating cell as that of hydrogen 
generating example 1-1 was used. The temperature of cell 
was kept at 50 and fuel was applied at the flow rate of 
1.5, 2.5/ 5.0, 7,5/ or 10.0 ml/min. Then, relations of the 
flow rate of fuel, the flow rate of air and the rate of 
hydrogen evolution / with the flow rate of air were shown in 
Pig. 13. 

Prom thiS/ it was found that in contrast with example 
1-2 where the temperature was kept at 70 °C as the flow rate 
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of fuel increases, the rate of hydrogen evolution becomes 
larger. 

[0071] Pig. 14 shows a graph for indicating relationship 
between the open- circuit voltage and the rate of hydrogen 
evolution, both adapted from the results of Fig. 13. 

From this, it was found that the rate of hydrogen 
evolution depends on the open-circuit voltage/ and hydrogen 
evolves when the open- circuit voltage is in the range of 
300 to 700 mV. The rate of hydrogen evolution is the 
highest around 45 0 to 500 mV. 

[0 072] After determining the consumption of methanol in 
fuel and the rate of hydrogen evolution when the flow rate 
of fuel is varied, the energy efficiency under open-circuit 
condition was determined by calculation in accordance with 
the equation described below (which is different from the 
equation used for determining the energy efficiency of a 
charging condition calculated by equation as stated in 
paragraph [0112]). As a result it was found that, under 
open-circuit condition, the energy efficiency was 17% when 
fuel flows at 5.0 ml/min, and 22% when fuel flows at 2 . 5 
ml/min. 

Efficiency (%) of a hydrogen generating system under 
open- circuit condition = (change of the standardized 
enthalpy of hydrogen evolved/ change of enthalpy of methanol 
consumed) x 100 
[0073] 

[Hydrogen generating example 1-7] 
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The same hydrogen generating cell as that of hydrogen 
generating example 1-1 was used. The temperature of cell 
was kept at 50^C, and aqueous solution of methanol (fuel) 
was applied at a constant flow rate of 5 ml/min while the 
concentration of fuel was varied to 0.5, 1, 2, 3M. Then, 
relations of the flow rate of air and the rate of hydrogen 
evolution with the flow rate of air were shown in Pig. 15. 

From this, it was found that as the concentration of 
fuel decreases, the peak of the rate of hydrogen evolution 
is observed with reduction of the flow rate of air, 
[0074] Fig. 16 shows a graph for indicating relationship 
between the open-circuit voltage and the rate of hydrogen 
evolution, both adapted from the results of Pig. 15. 

Prom this, it was found that the rate of hydrogen 
evolution depends on the open-circuit voltage, and hydrogen 
evolves when the open- circuit voltage is in the range of 
3 00 to 7 00 mV. The rate of hydrogen evolution is the 
highest around 470 mV for all the concentrations of fuel 
tested. 
10075] 

[Hydrogen generating example 1-8] 

The same hydrogen generating cell as that of hydrogen 
generating example l-l was used (except that the air 
electrode consisted of an oxidizing electrode to which 
oxidizing gas was flowed) . The cell was operated: 
temperature at 50 ''C; concentration of fuel at IM; and flow 
rate of fuel at 5 ml/min, while the concentration of oxygen 
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being varied to 10, 21, 40, or 10 0% and relations of the 
open-cirduit voltage and the rate of hydrogen evolution 
with the flow rate of oxidizing gas were studied. The 
results are shown in Pig. 17. The oxidizing gas containing 
21% oxygen was represented by air, and the oxidizing gas 
containing 10% oxygen was obtained by mixing air with 
nitrogen. The oxidizing gas containing 40% oxygen was 
obtained by adding oxygen {100% oxygen) to air. 

From this, it was found that as the concentration of 
oxygen increases, the flow rate of oxidising gas becomes 
smaller. 

[0076] Fig, 18 shows a graph for indicating relationship 
between the open- circuit voltage and the rate of hydrogen 
evolution, both adapted from the results of Fig, 17. 

From this, it was found that the rate of hydrogen 
evolution depends on the open-circuit voltage, and hydrogen 
evolves when the open- circuit voltage Is in the range of 
400 to 800 mV. The rate of hydrogen evolution is the 
highest at 490 to 530 mV. 

[0077] 

[Hydrogen generating example 1-9] 

The same hydrogen generating cell as that of hydrogen 
generating example 1-1 was used. The cell was operated at 
BO^^C with the flow of air to the air electrode kept at 60 
ml/min and the flow of aqueous solution of methanol (fuel) 
to the fuel electrode kept at 2.6 ml/min to cause gas to 
evolve. A 200 cc of sample was collected from the gas, and 
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the concentration of CO of the gas was determined by gas 
chromatography. No CO was detected in the gas (1 ppm or 
lower) . Under the measurement condition the open-circuit 
voltage of the cell was 477 mV and the rate of hydrogen 
evolution was 10 ml/min, 

[0078] 

[Hydrogen generating example l-io] 

The same hydrogen generating cell with that of 
Example 1-1 was used (except that the air electrode 
consisted of an oxidizing electrode to which liquid 
hydrogen peroxide was flowed) - The cell was placed in an 
electric furnace where hot air was circulated. The cell 
was operated while the temperature being kept at 30, 50/ 70, 
or 90^ C with the flow of IM H2O2 (hydrogen peroxide) to the 
oxidizing electrode kept at 1 - 8 ml/min and the flow of IM 
aqueous solution of methanol (fuel) to the fuel electrode 
kept at 5 ml/min. Relations of the open- circuit voltage 
and the rate of hydrogen evolution with the flow rate of 
hydrogen peroxide were studied. 

[0079] Relation of the rate of hydrogen evolution with the 
flow rate of H2O2 is represented in Fig. 19. 

Similarly to hydrogen generating example l-i, the 
evolution of hydrogen from the fuel electrode of the cell 
was confirmed with reduction of the flow rate of H2O2 for 
all the temperatures tested. The rate of hydrogen 
evolution becomes high as the temperature is raised, 
studies of relation of the open-circuit voltage with the 
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flow rate of H2O2 indicate that as tlie flow rate of H2O2 
becomes low, the open-circuit voltage of the cell tends to 
decline. 

[008 0] Fig. 20 shows a graph for indicating relationship 
between the open- circuit voltage and the rate of hydrogen 
evolution, both adapted from the results of Fig, 19. 

From this, it was found that the rate of hydrogen 
evolution depends on the open-circuit voltage, and hydrogen 
evolves when the open- circuit voltage is in the range of 
300 to 6 00 mV. The rate of hydrogen evolution is the 
highest around 500 mV when the temperature is kept at 30 to 
50*^C, while the peak is shifted to 450 mV when the 
temperature is raised to 7 0 to 90 

[00 81] What is important here is that no current or 
voltage was applied from outside to the hydrogen generating 
cells of Example 1. The cell was only connected to an 
electrometer for monitoring the open- circuit voltage which 
has an internal impedance of 1 GQ or higher, while the cell 
was supplied with fuel and oxidizing agent. 

In other words ; the hydrogen generating cell of 
Example 1 converted part of fuel into hydrogen receiving rio 
external energy except for fuel and oxidizing agent. 

In addition, conversion of fuel into hydrogen occurred 
at a surprisingly low temperature of 3 0 to 90^C. In view 
of these facts, the hydrogen generating device of the 
invention is likely to be novel and the effect to load this 
hydrogen generating device on the electric automobile is 
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profound . 
[EXAMPLE 2] 

[0082] Illustrative examples of the hydrogen generating 
device loaded on the electric automobile as defined by 
Claim 3 of the invention (discharging condition) will be 
presented below- 

[0083] 

[Hydrogen generating example 2-1] 

The structure of hydrogen generating cells described 
in Example 2 (illustrative examples 2-1 to 2-8) with means 
for withdrawing electric energy is outlined in Fig, 21. 

The hydrogen generating cells of Example 2 are the 
same in structure as those of hydrogen generating example 
1-1 except that the cell comprises a fuel electrode as a 
negative electrode and an air electrode as a positive 
electrode with means for withdrawing electric energy . 

The hydrogen generating cell was placed in an 
electric furnace where hot air was circulated. The cell 
was operated while the temperature (operation temperature) 
being kept at 50 ""C with the flow rate of air to the air 
electrode Icept at 10 to 100 ml/min and the flow of IM 
aqueous solution of methanol (fuel) to the fuel electrode 
kept at 5 ml/min to cause gas to evolve. Then, while the 
external current flowing between the air electrode and the 
fuel electrode being varied, the operation voltage between 
the fuel electrode and the air electrode, the volume of gas 
evolved from the fuel electrode and gas composition were 
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monitored and analyzed. The concentration of hydrogen in 
the generated gas was determined by gas chromatography. 

[0084] Relation of the operation voltage with the current 
density withdrawn revealed in the teat is shown in Fig. 22. 

It was found that as the flow rate of air is reduced, 
the dischargeable limit current density becomes smaller 
with. the reduction of the operation voltage. 

[0085] Fig. 23 shows a graph for indicating relationship 
between the rate of hydrogen evolution and the operation 
voltage, both adapted from the results of Pig, 22. 

Prom this, it was foiond that the rate of hydrogen 
evolution (volume of hydrogen evolution) depends on the 
operation voltage/ and gas evolves when the operation 
voltage is in the range of 3 00 to 60 0 mV. Moreover, when 
the flow rate of air is in the range of 50 to 60 ml/min, 
hydrogen evolves most readily: when the flow rate of air 
is excessively large as 100 ml/min/ no evolution of 
hydrogen is detected. 

[0086] Next, the cell was operated: temperature at 50°C; 
flow rate of fuel at 5 ml/min; flow rate of air at 60 
ml/min; and current density at 8.4 mA/cm^ to cause gas to 
evolve . The concentration of hydrogen in the gas was 
determined by gas chromatography. 

As a result, it was found that the gas contained 
hydrogen at a±)out 74%, and hydrogen evolved at a rate of 
5.1 ml/min. No CO was detected. 

[0087] 
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[Hydrogen generating example 2-2] 

The same hydrogen generating cell as that of hydrogen 
generating example 2-1 was used. The cell was operated 
while the temperature being kept at 30^C with the flow rate 
of air to the air electrode kept at 30 - 100 ml/min and the 
flow of IM aqueous solution of methanol (fuel) to the fuel 
electrode kept at 5 ml/min. Then, while the current 
flowing between the air electrode and the fuel electrode 
being varied, the operation voltage between the fuel 
electrode and the air electrode, and the rate of hydrogen 
evolution occurring from the fuel electrode were monitored 
and analyzed. 

[0088] Relation of the operation voltage with the current 
density withdrawn revealed in the test is shown in Fig, 24, 

It was found that as the flow rate of air is reduced, 
the dischargeable limit current density becomes smaller 
with the reduction of operation voltage. 

[0089] Fig. 25 Shows a graph for indicating relationship 
between the rate of hydrogen evolution and the operation 
voltage, both adapted from the results of Fig. 24. 

From this, it was found that the rate of hydrogen 
evolution depends on the operation voltage, and hydrogen 
evolves when the operation voltage is in the range of 2 00 
to 54 0 mV. Hydrogen evolves when the flow rate of air is 
in the range of 3 0 to 70 ml/min. When the flow rate of air 
is 100 ml/min, scarcely any evolution of hydrogen is 
detected. 
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[0090] 

[Hydrogen generating example 2-3] 

The same hydrogen generating cell as that of hydrogen 
generating example 2-1 was used- The cell was operated 
while the temperature being kept at 70 °C with the flow rate 
of air to the air electrode kept at 50 - 200 ml/min and the 
flow of IM aqueous solution of methanol (fuel) to the fuel 
electrode kept at 5 ml/min. Then, while the current 
flowing between the air electrode and the fuel electrode 
being varied, the operation voltage between the fuel 
electrode and the air electrode, and the rate of hydrogen 
evolution occurring from the fuel electrode were monitored 
and analyzed. 

[0 091] Relation of the operation voltage with the current 
density withdrawn revealed in the test is shown in Fig. 26. 

Xt was found that as the flow rate of air is reduced, 
the dischargeaJDle limit current density becomes smaller 
with the reduction of the operation voltage. 
[0092] Fig. 27 shows a graph for indicating relationship 
between the rate of hydrogen evolution and the operation 
voltage, both adapted from the results of Fig. 26. 

From this, it was found that the rate of hydrogen 
evolution depends on the operation voltage, and hydrogen 
evolves when the operation voltage is in the range of 2 00 
to 500 mv. Hydrogen is ready to evolve when the flow rate 
of air is in the range of 50 to 100 ml/min. when the flow 
rate of air is excessively large as 150 to 200 ml/min. 
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scarcely any evolution of hydrogen is detected. 
[0093] 

[Hydrogen generating example 2-4] 

The same hydrogen generating cell as that of hydrogen 
generating example 2-1 was used. The. cell was operated 
while the temperature being Icept at 90*^0 with the flow of 
air to the air electrode 3cept at 50 - 250 tnl/min and the 
flow of IM aqueous solution of methanol (fuel) to the fuel 
electrode kept at 5 ml/min. Then, while the current 
flowing between the air electrode and the fuel electrode 
being varied, the operation voltage between the fuel 
electrode and the air electrode, and the rate of hydrogen 
evolution occurring from the fuel electrode were monitored 
and analyzed. 

[0 094] Relation of the operation voltage with the current 
density withdrawn revealed in the test is shown in Fig. 28, 

It was found that as the flow rate of air is reduced/ 
the dischargeable limit current density becomes smaller 
with the reduction of the operation voltage. 

[0095] Fig. 29 shows a graph for indicating relationship 
between the rate of hydrogen evolution and the operation 
voltage, both adapted from the results of Fig. 28- 

From this, it was found that the rate of hydrogen 
evolution tends to depend on the operation voltage, and 
hydrogen evolves when the operation voltage is in the range 
of 20 0 to 50 0 mV. Hydrogen is ready to evolve when the 
flow rate of air is in the range of 5 0 to 100 ml/min. When 
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the flow rate of air is at 250 ml/min, scarcely any 
evolution of hydrogen is detected. 

[0096] Next/ when the cell is operated with the flow of 
air being kept at 50 ml/min while respective temperatures 
are varied as in hydrogen generating examples 2-1 to 2-4, 
Pig. 30 shows .relation of the current density withdrawn 
with the operation voltage while Pig. 31 shows relation of 
the rate of hydrogen evolution with the operation voltage. 

From thiS/ it was found that the rate of hydrogen 
evolution tends to depend on the operation voltage^ and as 
the temperature becomes higher, hydrogen evolves at a lower 
operation voltage and the evolution volume becomes larger. 
[0097] Further, when the cell is operated with the flow of 
air being kept at 100 ml/min while respective temperatures 
are varied as in hydrogen generating examples 2-1 to 2-4, 
Fig. 32 shows relation of the current density withdrawn 
with the operation voltage while Fig. 33 shows relation of 
the rate of hydrogen evolution with the operation voltage. 

From this, it was found that the rate of hydrogen 
evolution tends to depend on the operation voltage / and as 
the temperature becomes higher, hydrogen evolves at a lower 
operation voltage and the evolution volume becomes larger. 
It was also found that when the flow rate of air is 
excessively large as 100 ml/min, scarcely any evolution of 
hydrogen is detected when the temperature is kept as low as 
30 or 50*=*C. 
[0098] 
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[Hydrogen generating example 2-5] 

The same hydrogen generating cell as that of hydrogen 
generating example 2-1 was used. The cell was operated 
while the temperature being kept at 50°C with the flow of 
air to the air electrode kept at 50 ml/min and the flow 
rate of fuel to the fuel electrode varied to 1-5, 2.5, 5.0/ 
7.5, or 10 . 0 ml/min. Then, while the current flowing 
between the air electrode and the fuel electrode being 
varied, the operation voltage between the fuel electrode 
and the air electrode, and the rate of hydrogen evolution 
occurring from the fuel electrode were monitored and 
analyzed. 

[00 99] Relation of the operation voltage with the current 
density withdrawn revealed in the test is shown in Fig. 34. 

It was found that the dischargeable limit current 
density hardly changes even when the flow of fuel is varied. 

[0100] Fig. 35 shows a graph for indicating relationship 
between the rate of hydrogen evolution and the operation 
voltage, both adapted from the results of Pig. 34. 

From this, it was found that the rate of hydrogen 
evolution depends on the operation voltage, and hydrogen 
evolves when the operation voltage is in the range of 3 00 
to 500 mV. The rate of hydrogen evolution is high when the 
operation voltage is in the range of 45 0 to 50 0 ml/min. 

It was found that the rate of hydrogen evolution is 
hardly affected by the flow rate of fuel. 

[0101] 
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[Hydrogen generating example 2-6] 

The aam© hydrogen generating cell as that of hydrogen 
generating example 2-1 was used. The cell was operated 
while the temperature being Icept at 50 °C with the flow of 
air to the air electrode kept at 5 0 ml/min and the constant 
flow of fuel to the fuel electrode kept at 5 ral/min while 
fuel concentration being varied to 0.5, 1, 2, or 3M. Then^ 
while the current flowing between the air electrode and the 
fuel electrode being varied, the operation voltage between 
the fuel electrode and the air electrode, and the rate of 
hydrogen evolution occurring from the fuel electrode were 
monitored and analyzed. 

[0102] Relation of the operation voltage with the current 
density withdrawn revealed in the test is shown in Fig. 36. 

It was found that the dischargeable limit current 
density declines as the concentration of fuel becomes 
higher with the reduction of operation voltage. 
[0103] Fig. 37 shows a graph for indicating relationship 
between the rate of hydrogen evolution and the operation 
voltage, both adapted from the results of Fig. 36. 

From this, it was found that the rate of hydrogen 
evolution depends on the operation voltage, ajid hydrogen 
evolves when the operation voltage is in the range of 300 
to 600 mV- 

Hydrogen evolves most vigorously when the 
concentration of fuel is IM, 
[0104] 
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[Hydrogen generating example 2-7] 

The same hydrogen generating cell as that of hydrogen 
generating example 2-1 was used (except that the air 
electrode consisted of an oxidizing electrode to which 
oxygen was flowed) . The cell was operated while the 
temperature being kept at 50 with the flow of oxidizing 
gas to the oxidizing electrode kept at 14.0 ml/min and the 
constant flow of IM fuel concentration to the fuel 
electrode kept at 5 ml/min, while the concentration of 
oxygen being varied to 10, 21, 40, or 100%. Then, while 
the current flowing between the oxidizing electrode and the 
fuel electrode being varied, the operation voltage between 
the fuel electrode and the oxidizing electrode / and the 
rate of hydrogen evolution occurring from the fuel 
electrode were monitored and analyzed. The oxidizing gas 
containing 21% oxygen was represented by air^ and the 
oxidizing gas containing 10% oxygen was obtained by mixing 
air with nitrogen. The oxidizing gas containing 40% oxygen 
was obtained by adding oxygen (100% oxygen concentration) 
to air. 

[0105] Relation of the operation voltage with the current 
density withdrawn revealed in the test is shown in Pig. 38. 

It was found that the operation voltage declines as 
the concentration of oxygen becomes smaller with the 
reduction of dischargeable limit current density. 
[0106] Fig. 3 9 shows a graph for indicating relationship 
between the rate of hydrogen evolution and the operation 
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voltage, both adapted from the results of Fig, 38. 

From this, it was found that the rate of hydrogen 
evolution depends on the operation voltage / and hydrogen 
evolves when the operation voltage is in the range of 300 
to 600 mV- 

The rate of hydrogen evolution tends to be high as the 
concentration of oxygen becomes higher. 
[01071 

[Hydrogen generating example 2-8] 

The same hydrogen generating cell as that of hydrogen 
generating example 2-1 was used (except that the air 
electrode consisted of an oxidizing electrode to which 
liquid hydrogen peroxide was flowed) . The hydrogen 
generating cell was placed in an electric furnace where hot 
air was circulated. The cell was operated while the 
temperature being varied to 30, 50, 70, or90°C with the 
flow of IM ac[ueous solution of H2O2 (hydrogen peroxide) to 
the oxidizing electrode varied from 2.6 to 5.5 ml/min, and 
the flow of IM aqueous solution of methan.ol (fuel) to the 
fuel electrode kept at 5 ml/min. Then, while the current 
flowing between the oxidizing electrode and the fuel 
electrode being varied, the operation voltage between the 
fuel electrode and the oxidizing electrode, and the rate of 
hydrogen evolution occurring from the fuel electrode were 
monitored and analyzed- The flow rate of hydrogen peroxide 
was adjusted such that the open-circuit voltage was 
approximately equal to 500 mV for all the temperatures 
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tested. 

[0108] Relation of the operation voltage with the current 
density withdrawn revealed in the test is shown in Fig- 40. 

It was found that the decline of operation voltage 
with the increase of current density takes a similar course 
when the temperature is kept at 7 0 to 90 ^C, while operation 
voltage undergoes a sharp fall when the temperature is 
decreased to 3 0*^0 with the reduction of dischargeable limit 
current density. 

[0109] Fig, 41 shows a graph for indicating relationship . 
between the rate of hydrogen evolution and the operation 
voltage, both adapted from the results of Fig. 40. 

Prom this, it was found that the rate of hydrogen 
evolution tends to depend on the opera.tion voltage, and 
hydrogen evolves when the operation voltage is in the range 
of 30 0 to 500 mV. Hydrogen is most ready to evolve when 
the temperature is 90*^C. Hydrogen does not evolve unless 
the operation voltage is raised sufficiently high, when the 
temperature is at the low level tested . 

[0110] What is important here is that current was 
withdrawn outside from the hydrogen generating cells of 
Example 2. In other words, the hydrogen generating cell of 
Example 2 converted part of fuel into hydrogen while 
withdrawing electric energy to outside. In addition, 
conversion of fuel into hydrogen occurred at a surprisingly 
low temperature of 30 to 90 °C. In view of these facts, the 
hydrogen generating device of the invention is likely to be 
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novel and the effect to load this hydrogen generating 
device on the electric automobile is profound. 
[EXAMPLE 3] 

[0111] Illustrative examples of the hydrogen generating 
device loaded on the electric automobile as defined by 
Claim 4 of the invention (charging condition) will be 
presented below. 
[0112] 

[Hydrogen generating example 3-1] 

The structure of hydrogen generating cells described 
in Example 3 (hydrogen generating examples 3-1 to 3-6) with 
means for providing electric energy from outside is 
outlined in Fig. 42. 

The hydrogen generating cells are the same in 
structure as those of hydrogen generating example 1-1 
except that the cell comprises a fuel electrode as cathode 
and an oxidizing electrode as anode with means for 
providing electric energy from outside. 

The hydrogen generating cell was placed in an 
electric furnace where hot air was circulated. The cell 
was operated while the temperature (operation temperature) 
being Icept at 50**C with the flow of air to the air 
electrode kept at 10 to 8 0 ml/min and the flow of IM 
aqueous solution of methanol (fuel) to the fuel electrode 
Jcept at 5 ml/min. Then, while the current flowing between 
the air electrode and the fuel electrode being varied by 
means of a DC power source from outside^ the operation 
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voltage between tlie fuel electrode and the air electrode, 
the volume of gas evolved from the fuel electrode and gas 
composition were monitored and analyzed. The energy 
efficiency of charging condition was defined as a ratio of 
the chemical energy of hydrogen evolved to the electric 
energy supplied from outside. The concentration of 
hydrogen in the generated gas was determined by gas 
chromatography, and rate of hydrogen evolution also 
determined . 

The energy efficiency of a charging condition was 
calculated based on the following equation: 

Energy efficiency (%) = (combustion heat of 
H2/electric energy provided) x 100 

Coinbustion heat (kJ) of per minute = (rate of 
evolution ml/min/24 .47/1000) x 286 kJ/mol [HHV] 

Electric energy (kJ) per minute = (voltage mV/lOOO x 
current A x 60 sec) Wsec/1000 

To avoid undue misunderstanding, a few comments are 
added here- The object of this invention lies in obtaining 
hydrogen gas having a higher energy content than the 
electric energy supplied from outside, and the invention 
does not aim to gain more energy than the sum of paid 
energy without taking any heed to the law of conservation 
of energy taught by theirniodynamics . When the energy 
balance of the entire system is taken into view, since part 
of organic compound-based fuel is oxidized, the energy 
expenditure includes, in addition to the electric energy 
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supplied from outside, the chemical energy consumed for the 
oxidization of the fuel, which will amount to a value equal 
to or less than 100%. To distinguish more clearly the 
inventive method from conventional methods for obtaining 
hydrogen via the electrolysis of water, the energy 
efficiency of a system defined by the ratio of the chemical 
energy of evolved hydrogen to the electric energy supplied 
from outside will be used here. 

[0113] Relation of the rate of hydrogen evolution with the 
current density applied in the test is shown in Fig. 43, 

It was found that the efficiency of hydrogen evolution 

(efficiency of hydrogen evolution relative to electric 
energy supplied) becomes equal to or more than 100% (100% 
efficiency of hydrogen evolution is represented by the 
dashed line in Fig. 43) in certain areas when the current 
density is kept not more than 40 mA/cm^. This suggests 
that it is possible to obtain hydrogen whose energy content 
is larger than the electric energy supplied from outside by 
operating the cell in those areas, 

[0114] Fig. 44 shows a graph for indicating relationship 
between the rate of hydrogen evolution and the operation 
voltage, both adapted from the results of Fig, 43. 

From this, it was found that the rate of hydrogen 
evolution (volume of hydrogen evolution) tends to depend on 
the operation voltage, and hydrogen evolves when the 
operation voltage is equal to or larger than 40 0 mV, and 
the rate of hydrogen evolution becomes virtually constant 
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when the operation voltage becomes equal to or larger than 
600 mV, and the rate of hydrogen evolution becomes larger 
{hydrogen is readier to evolve) with reduction of the flow 
rate of air. 

[0115] Relation of the operation voltage with the current 
density applied is shown in Fig* 45. 

The areas in Fig, 43 where the efficiency of hydrogen 
evolution is 100% or more fall below the line defined by 
the operation voltage being equal to or lower than 600 mV 
in Fig. 45. 

[0116] Relation of the energy efficiency with the 
operation voltage is shown in Fig. 46. 

From this, it was found that the energy efficiency is 
equal to or larger than 10 0% even when the operation 
voltage is around 10 0 0 mV, and the energy efficiency is 
particularly high when the operation voltage is kept equal 
to or smaller than 600 mV, and the flow of air is kept at 
3 0 to 5 0 ml/min. 

[0117] Next/ the cell was operated under a condition of 
temperature at 50 ^C; flow rate of fuel at B ml/min; flow 
rate of air at 50 ml/min; and current density at 4.8 mA/cm^ 
to cause gas to evolve. The concentration of hydrogen in 
the gas was determined by gas chromatography. As a result 
it wag found that the gas contained hydrogen at about 86%, 
and hydrogen evolved at a rate of 7.8 ml/min. No CO was 
detected. 
[0118] 
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[Hydrogen generating example 3-2] 

The same hydrogen generating cell as that of hydrogen 
generating example 3-1 was used- The cell was operated 
while the temperature being kept at SO'^C with the flow of 
air to the air electrode varied from 10 to 7 0 ml/min and 
the flow of IM aqueous solution of methanol (fuel) to the 
fuel electrode kept at 5 ml/min. Then, while the current 
flowing between the air electrode and the fuel electrode 
being varied by means of a DC power source from outside, 
the operation voltage between the fuel electrode and the 
air electrode, the rate of hydrogen evolution occurring 
from the fuel electrode, and the energy efficiency were 
monitored and analysed. 

[0119] In this test, relation of the rate of hydrogen 
evolution with the current density applied is shown in Fig. 
47, and relation of the rate of hydrogen evolution with the 
operation voltage is shown in Fig. 48. 

From this, it was found that the rate of hydrogen 
evolution tends to depend on the operation voltage, and 
hydrogen evolves when the operation voltage is equal to or 
larger than 400 mV; hydrogen is readier to evolve with 
reduction of the flow rate of air; and the rate of hydrogen 
evolution becomes virtually constant with the air flow of 
10 ml/min, when the operation voltage becomes equal to or 
larger than 600 mV, while the rate of hydrogen evolution 
tends to grow with the air flow of 3 0 ml/min, when the 
operation voltage becomes equal to or larger than boo mV, 
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and thus no hydrogen will evolve when air flows at a higher 
rate unless the operation voltage is raised sufficiently 
high. 

[0120] Relation of the energy efficiency with the 
operation voltage is shown in Fig. 49. 

From this^ it was found that the energy efficiency is 
equal to or larger than 100% even when the operation 
voltage is around 1000 mV, and the energy efficiency is 
particularly high with the air flow of 3 0 ml/min when the 
operation voltage is kept equal to or smaller than 600 mV. 

[0121] 

[Hydrogen generating example 3-3] 

The test was performed under the same condition as in 
hydrogen generating example 3-2 except that the temperature 
of the cell was kept at 70 The operation voltage 
between the fuel electrode and the air electrode, and rate 
of hydrogen evolution on the fuel electrode and energy- 
efficiency were monitored and analyzed. 

[0122] Relation Of the rate of hydrogen evolution with the 
current density applied during the test is shown in Fig. 50, 
and relation of the rate of hydrogen evolution with the 
operation voltage is shown in Fig. 51. 

From this, it was found that the rate of hydrogen 
evolution tends to depend on the operation voltage, and 
hydrogen evolves when the operation voltage is equal to or 
larger than 400 mV; hydrogen is readier to evolve with 
reduction of the flow rate of air; and the ratjS of hydrogen 
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evolution becomes virtually constant with, the air flow of 
10 ml/min, when the operation voltage becomes equal to or 
larger than 600 mV, while the rate of hydrogen evolution 
tends to grow with the air flow of 30 ml/min/ when the 
operation voltage becomes equal to or larger than 80 0 mV, 
and th-us no hydrogen will evolve when air flows at a higher 
rate unless the operation voltage is raised sufficiently 
high. 

[0123] Relation of the energy efficiency with the 
operation voltage is shown in Fig. 52. 

It was found that the energy efficiency is equal to or 
larger than 10 0% even when the operation voltage is around 
1000 mV, and the energy efficiency is particularly high 
with the flow rate of air of 10 to 3 0 ml/min when the 
operation voltage is kept equal to or smaller than 600 mV, 

[0124] 

[Hydrogen generating example 3-4] 

[0263] The same hydrogen generating cell as that of 
hydrogen generating example 3-1 was used. The cell was 
operated while the temperature being kept at 90 with the 
flow rate of air to the air electrode varied from 10 to 20 0 
ml/min and the flow of IM aqueous solution of methanol 

(fuel) to the fuel electrode kept at 5 ml/min. Then, while 
the current flowing between the air electrode and the fuel 
electrode being varied by means of a DC power source from 
outside, the operation voltage between the fuel electrode 
and the air electrode, the rate of hydrogen evolution 
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occurring from the fuel electrode, and the energy 
efficiency were monitored and analyzed. 

[0125] Relation of the rate of hydrogen evolution with the 
current density applied is shown in Fig. 53/ and relation 
of the rate of hydrogen evolution with the operation 
voltage is shown in Fig. 54. 

Prom this, it was found that the rate of hydrogen 
evolution tends to depend on the operation voltage, and 
hydrogen evolves when the operation voltage is equal to or 
larger than 30 0 mV; hydrogen is readier to evolve with 
reduction of the flow rate of air; and the rate of hydrogen 
evolution becomes virtually constant with the air flow of 
10 ml/min^ when the operation voltage becomes equal to or 
larger than 50 0 mV^ while the rate of hydrogen evolution 
tends to grow with the air flow of 5 0 to 100 ml/min, when 
the operation voltage becomes equal to or larger than 800 
mV, and thus no hydrogen will evolve when air flows at 200 
ml/min unless the operation voltage is raised higher than 
800 mV. 

[0126] Relation of the energy efficiency with the 
operation voltage is shown in Fig. 55. 

Prom this, it was found that the energy efficiency is 
equal to or larger than 100% even when the operation 
voltage is around 1000 mV, and the energy efficiency is 
particularly high with the flow of air of 50 ml/min when 
the operation voltage is kept equal to or smaller than 50 0 
mV. 
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[0127] Next, for hydrogen generating examples 3-1 to 3-4 
where operation temperature was varied with the flow of air 
kept at SO ml/min, relation of the rate of hydrogen 
evolution with the current density applied is shown in Fig. 
56, while relation of the rate of hydrogen evolution with 
the operation voltage is shown in Fig. 57. 

From this, it was found that the rate of hydrogen 
evolution tends to depend on the temperature : hydrogen 
evolves at a low operation voltage and the rate of hydrogen 
evolution becomes higher as the temperature is raised. 
[0128] Relation of the energy efficiency with the 
operation voltage is shown in Fig. 58. 

It was found that the energy efficiency is equal to or 
larger than 100% even when the operation voltage is around 
1000 mV, and the energy efficiency is particularly high 
when the operation voltage is kept equal to or smaller than 
600 mV. 
[0129] 

[Hydrogen generating example 3-5] 

The same hydrogen generating cell with that of 
hydrogen generating example 3-1 was used. The cell was 
operated while the temperature being kept at SO*^C with the 
flow of air to the air electrode kept at 5 0 ml/min and the 
flow of fuel to the fuel electrode varied to 1.5, 2.5, 5.0, 
1.5, or 10.0 ml/min. Then, while the current flowing 
between the air electrode and the fuel electrode being 
varied by means of a DC power source from outside, the 
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operation voltage between the fuel electrode and the air 
electrode, the rate of hydrogen evolution occurring from 
the fuel electrode, and the energy efficiency were 
monitored and analyzed . 

[013 0] Relation of the rate of hydrogen evolution with the 
current density applied is shown in Fig. 59 , and relation 
of the rate of hydrogen evolution with the operation 
voltage is shown in Pig. 60. 

It was foxmd that the rate of hydrogen evolution tends 
to depend on the operation voltage, and hydrogen evolves 
when the operation voltage is ec[ual to or larger than 400 
mV; hydrogen is readier to evolve with increase of the flow 
rate of fuel; and the rate of hydrogen evolution tends to 
grow when the operation voltage is equal to or larger than 
800 mV for all the flow rates of fuel tested, 

[0131] Relation of the energy efficiency with the 
operation voltage is shown in Pig. 61. 

It was found that the energy efficiency is equal to or 
larger than 100% even when the operation voltage is around 
1000 mV, and the energy efficiency is particularly high 
when the operation voltage is kept equal to or smaller than 
600 mV. 

[0132] 

[Hydrogen generating example 3-6] 

The same hydrogen generating cell as that of hydrogen 
generating example 3-1 was used. The cell was operated 
while the temperature being kept at SO^^C with the flow of 
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air to the air electrode kept at 50 ml/min and the constant 
flow of fuel to the fuel electrode kept at 5 ml/min while 
fuel concentration being varied to 0.5, l, 2, or 3M. Then, 
while the external current flowing between the air 
electrode and the fuel electrode being varied by means o£ a 
DC power source from outside, the operation voltage between 
the fuel electrode and the air electrode, the rate of 
hydrogen evolution occurring from the fuel electrode^ and 
the energy efficiency were monitored and analyzed. 
[0133] Relation of the rate of hydrogen evolution with the 
current density applied is shown in Fig- 62, and relation 
of the rate of hydrogen evolution with the operation 
voltage is shown in Fig. 63- 

From this, it was found that the rate of hydrogen 
evolution grows almost linearly with the increase of 
current density provided that the current density is equal 
to or higher than 0 . 02A/cm^ . 

It was also found that the rate of hydrogen evolution 
tends to depend on the operation voltage, and hydrogen 
evolves when the operation voltage is equal to or larger 
than 400 mV; hydrogen is readier to evolve with increase of 
the concentration of fuel, and the rate of hydrogen 
evolution grows sharply under the fuel concentration of 2M 
or 3M, when the operation voltage approaches 400 to 500 mV; 
and the rate of hydrogen evolution becomes virtually 
constant under the fuel concentration of IM when the 
operation voltage is in the range of 400 to 800 mV, while 
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the rate of hydrogen evolution tends to grow when the 
operation voltage becomes equal to or larger than 8 00 mV, 
and no hydrogen will evolve when the fuel concentration is 
lower than this level (IM) unless the operation voltage is 
raised sufficiently high. 

[0134] Relation of the energy efficiency with the 
operation voltage is shown in Fig, 64. 

It was found that the energy efficiency is equal to or 
larger than 10 0% even when the operation voltage is around 
10 0 0 mV except for a case where the fuel concentration is 
kept at 0-5M, and the energy efficiency is particularly 
high with the concentration of the fuel being 1, 2 or 3M 
when the operation voltage is kept equal to or smaller than 
600 luV. When the concentration of fuel was 0 . 5M, no 
hydrogen evolved when the operation voltage was low. Under 
this condition/ the cell behaved quite differently in terms 
of energy efficiency. 

[0135] 

[Hydrogen generating example 3-7] 

The same hydrogen generating cell with that of 
hydrogen generating example 3-1 was used (except that the 
air electrode consisted of an oxidizing electrode to which 
oxidizing gas was flowed) . The cell was operated while the 
temperature being kept at SO'^C with the constant flow of IM 
fuel to the fuel electrode kept at 5 ml/min and the flow of 
oxidissing gas to the oxidising electrode kept at 14.0 
ml/min while oxygen concentration being varied to 10, 21, 
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40/ or 100%. Then, while the current flowing between the 
oxidizing electrode and the fuel electrode being varied by 
means of a DC power source from outside, the operation 
voltage between the fuel electrode and the oxidizing 
electrode, the rate of hydrogen evolution occurring from 
the fuel electrode, and the energy efficiency were 
monitored and analyzed. The oxidizing gas containing 21% 
oxygen was represented by air, and the oxidizing gas 
containing 10% oxygen was obtained by mixing air with 
nitrogen. The oxidizing gas containing 4 0% oxygen was 
obtained by adding oxygen (100% oxygen) to air. 
[0136] Relation of the rate of hydrogen evolution with the 
current density applied is shown in Fig. 65, and relation 
of the rate of hydrogen evolution with the operation 
voltage is shown in Fig. 66. 

From this, it was found that the rate of hydrogen 
evolution grows almost linearly with the increase of 
current density provided that the current density is equal 
to or higher than 0.03 A/cm^. 

It was also found that the rate of hydrogen evolution 
tends to depend on the operation voltage, and hydrogen 
evolves when the operation voltage is equal to or larger 
than 4 00 mV; hydrogen is readier to evolve with increase of 
the concentration of oxygen; and the rate of hydrogen 
evolution becomes virtually constant under when the 
operation voltage is in the range of 400 to 800 mV, while 
it tends to grow when the operation voltage becomes equal 
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to or larger than 8 00 mv. 

[013 7] Relation of the energy efficiency with the 
operation voltage is shown in Fig. 67. 

It was found that the energy efficiency is equal to or 
larger than 10 0% even when the applied voltage is around 
1000 mV, and the energy efficiency is particularly high 
with the concentration of oxygen being high when the 
applied voltage is kept equal to or smaller than 600 mV. 

[0138] 

[Hydrogen generating example 3-8] 

The same hydrogen generating cell as that of hydrogen 
generating example 3-1 was used (except that the air 
electrode consisted of an oxidizing electrode to which 
liquid hydrogen peroxide was flowed) . The hydrogen 
generating cell was placed in an electric furnace where hot 
air was circulated. The cell was operated while the 
temperature being varied to 30, 50, 70, or90°C with the 
flow of IM aqueous solution of methanol to the fuel 
electrode kept at 5 ml/min and the flow of IM H2O2 

(hydrogen peroxide) to the oxidizing electrode varied from 
2.6 to 5.5 ml/min,. Then, while the current flowing 
between the oxidizing electrode and the fuel electrode 
being varied by means of a DC power source from outside, 
the operation voltage between the fuel electrode and the 
oxidizing electrode, the rate of hydrogen evolution 
occurring from the fuel electrode, and the energy 
efficiency were monitored and analyzed. 
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Tlie flow rate of hydrogen peroxide was adjusted such 
that the open-circuit voltage was approximately equal to 
500 mv for all the temperatures tested. 

[0139] Relation of the rate of hydrogen evolution with the 
current density applied is shown in Pig, 6Q, and relation 
of the rate of hydrogen evolution with the operation 
voltage is shown in Fig. 69. 

From this^ it was found that the rate of hydrogen 
evolution tends to depend on the operation voltage, and 
hydrogen evolves when the operation voltage is equal to or 
larger than 500 mV, and tends to grow when the operation 
voltage is equal to or larger than 8 00 mV; and hydrogen is 
readier to evolve with increase of the operation 
temperature . 

[0140] Relation of the energy efficiency with the 
operation voltage is shown in Fig, 70. 

It was found that the energy efficiency is equal to or 
larger than 100% even when the operation voltage is around 
100 0 mV , and the energy efficiency is particularly high 
with the temperature of 90 when the operation voltage is 
Icept equal to or smaller than 8 00 mV. 
[0141] what is important here is that hydrogen was 
withdrawn from the hydrogen generating cells of Example 3 
whose energy content exceeded the electric current supplied 
from outside. In other words, the hydrogen generating cell 
of Example 3 generates hydrogen of energy more than 
inputted electric energy. In addition, conversion of fuel 
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into hydrogen occurred at a surprisingly low temperature of 
30 to 90 °C, In view of these facts, the hydrogen 
generating device of the invention is likely to be novel 
and the effect to load this hydrogen generating device on 
the electric automobile is profound. 

[0142] As seen from above, since the hydrogen generating 
device loaded on the electric automobile of the invention 
can generate a hydrogen- containing gas by decomposing a 
fuel containing an organic compound at lOO^C or lower and 
can easily supply hydrogen to a fuel cell while being 
loaded on the electric automobile, the invention can be 
applied to any automobile provided with a motor driven by 
electricity generated by the fuel cell including, not only 
bn-road electric automobiles but also off -road electric 
automobiles such as fork lift, golf cart, tourist car, 
wheel chair, etc. Also/ the applicable automobiles are not 
limited to those obtaining a driving force of a vehicle 
only by the fuel cell but they include hybrid cars and the 
like using another power source as well. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[0143] Fig. 1 is a diagram for showing an example of a 
system flow of a fuel cell system in an electric automobile 
of the invention . 

Pig. 2 is a schematic diagram of a hydrogen 
generating cell (requiring no supply of electric energy 
from outside) described in Example 1. 

Fig. 3 shows a graph for indicating relationship 
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between the flow rate of air and the rate of hydrogen 
evolution when temperature is varied (30 to 70^C) (hydrogen 
generating example i-i) . 

Fig, 4 shows a graph for indicating relationship 
between the open- circuit voltage and the rate of hydrogen 
evolution when temperature is varied (30 to '70^0 (hydrogen 
generating example l-l) - 

Fig. 5 shows a graph for indicating relations of 
the rate of hydrogen evolution and open-circuit voltage 
with the flow rate of air when the flow rate of fuel is 
varied (temperature being kept at 70^C) (hydrogen 
generating example 1-2) . 

Fig. 6 shows a graph for indicating relation of the 
rate of hydrogen evolution with the open-circuit voltage 
when the flow rate of fuel is varied (temperature being 
kept at 70*^0 (hydrogen generating example 1-2) . 

Fig. 7 shows a graph for indicating relations of the 
rate of hydrogen evolution and open- circuit voltage with 
the flow rate of air when the concentration of fuel is 
varied (temperature being kept at 7 0 °C) (hydrogen 
generating example 1-3) . 

Fig, 8 shows a graph for indicating relation of the 
rate of hydrogen evolution with the open- circuit voltage 
when the concentration of fuel is varied (temperature being 
kept at 70'^C) (hydrogen generating example 1-3) . 

Fig. 9 shows a graph for indicating relations of the 
rate of hydrogen evolution and open- circuit voltage with 
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the flow rate of air when the thickness of electrolyte 
membrane is varied (hydrogen generating example 1-4) . 

Fig, 10 shows a graph for indicating relation of the 
rate of hydrogen evolution with the open- circuit voltage 
when the thickness of electrolyte membrane is varied 
(hydrogen generating example i-4) . 

Fig, 11 shows a graph for indicating relations of the 
rate of hydrogen evolution and open- circuit voltage with 
the flow rate of air when the temperature Is varied (3 0 to 
90**C) (hydrogen generating example 1-5) , 

Pig. 12 shows a graph for indicating relation of the 
rate of hydrogen evolution with the open- circuit voltage 
when the temperature is varied (3 0 to ^O'^C) (hydrogen 
generating example 1-5) . 

Fig. 13 shows a graph for indicating relations of the 
rate of hydrogen evolution and open-circuit voltage with 
the flow rate of air when the flow rate of fuel is varied 
(temperature: 50**C) (hydrogen generating example 1-6). 

Fig. 14 shows a graph for indicating relation of the 
rate of hydrogen evolution with the open-circuit voltage 
when the flow rate of fuel is varied (temperature: 
SO^^C) (hydrogen generating example 1-6) - 

Fig. 15 shows a graph for indicating relations of the 
rate of hydrogen evolution and open-circuit voltage with 
the flow rate of air when the concentration of fuel is 
varied (temperature: BC^C) (hydrogen generating example 1- 
7) . 
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Fig. 16 shows a graph for indicating relation of the 
rate of hydrogen evolution with the open-circuit voltage 
when the concentration of fuel is varied (temperature: 
50^0 (hydrogen generating example 1-7) . 

Fig. 17 shows a graph for indicating relations of the 
rate of hydrogen evolution and open- circuit voltage with 
the flow rate of oxidizing gas when the concentration of 
oxygen is varied (temperature: SO^C) (hydrogen generating 
example 1-8) , 

Fig. IS shows a graph for indicating relation of the 
rate of hydrogen evolution with the open-circuit voltage 
when the concentration of oxygen is varied (temperature: 
50*^0 (hydrogen generating example 1-8) . 

Fig. 19 shows a graph for indicating relations of the 
rate of hydrogen evolution and open-circuit voltage with 
the flow rate of H2O2 when the temperature is varied (3 0 to 
90^C) (hydrogen generating example l-lO) . 

Fig. 2 0 shows a graph for indicating relation of the 
rate of hydrogen evolution (oxidizing agent: H2O2) with the 
open-circuit voltage when the temperature is varied (3 0 to 
90^0 (hydrogen generating example l-io) * 

Fig. 21 is a schematic diagram of a hydrogen 
generating cell (with means for withdrawing electric 
energy) described in Example 2 . 

Fig, 22 shows a graph for indicating relation of the 
operation voltage (discharging: temperature at 5 0*^0) with 
the current density withdrawn when the flow rate of air is 
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varied (hydrogen generating example 2-1) . 

Pig. 23 shows a graph for indicating relation of the 
rate of hydrogen evolution (discharging: temperature at 
SO^'C) with the operation voltage when the flow rate of air 
is varied (hydrogen generating example 2-1) . 

Fig- 24 shows a graph for indicating relation of the 
operation voltage (discharging: temperature at 30°C) with 
the current density withdrawn when the flow rate of air is 
varied (hydrogen generating example 2-2) , 

Fig. 25 shows a graph for indicating relation of the 
rate of hydrogen evolution (discharging; temperature at 
30^0 with the operation voltage when the flow rate of air 
is varied (hydrogen generating example 2-2) . 

Fig, 26 shows a graph for indicating relation of the 
operation voltage (discharging: temperature at 70*^0 with 
the current density withdrawn when the flow rate of air is 
varied (hydrogen generating example 2-3) , 

Fig. 2 7 shows a graph for indicating relation of the 
rate of hydrogen evolution (discharging: temperature at 
70 ^C) with the operation voltage when the flow rate of air 
is varied (hydrogen generating example 2-3) . 

Pig* 28 shows a graph for indicating relation of the 
operation voltage (discharging: temperature at 90^C) with 
the current density withdrawn when the flow rate of air is 
varied (hydrogen generating example 2-4) . 

Pig. 2 9 shows a graph for indicating relation of the 
rate of hydrogen evolution (discharging: temperature at 
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90^0 with tiie operation voltage when the flow rate of air 
is varied (hydrogen generating example 2-4) . 

Fig. 3 0 shows a graph for indicating relation of the 
operation voltage (discharging: flow rate of air at 50 
ml/min) with the current density withdrawn when the 
temperature is varied. 

Pig, 31 shows a graph for indicating relation of the 
rate of hydrogen evolution (discharging: flow rate of air 
at 50 ml/min) with the operation voltage when the 
temperature is varied. 

Fig. 32 shows a graph for indicating relation of the 
operation voltage (discharging: flow rate of air at 100 
ml/min) with the current density withdrawn when the 
temperature is varied. 

Fig. 33 shows a graph for indicating relation of the 
rate of hydrogen evolution (discharging: flow rate of air 
at 100 ml/min) with the operation voltage when the 
temperature is varied. 

Fig, 34 shows a graph for indicating relation of the 
operation voltage {discharging: temperature at 50 °C) with 
the current density withdrawn when the flow rate of fuel is 
varied (hydrogen generating example 2-5) . 

Fig. 3 5 shows a graph for indicating relation of the 
rate of hydrogen evolution (discharging: temperature at 
50 °C) with the operation voltage when the flow rate of fuel 
is varied (hydrogen generating example 2-5) . 

Fig. 36 .shows a graph for indicating relation of the 
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operation voltage (discharging: temperature at 50 ^C) with 
the current density withdrawn when the concentration of 
fuel is varied {hydrogen generating example 2-6) . 

Pig. 37 shows a graph for indicating relation of the 
rate of hydrogen evolution (discharging: temperature at 
50 °C) with the operation voltage when the concentration of 
fuel is varied {hydrogen generating example 2-6) . 

Pig. 38 shows a graph for indicating relation of the 
operation voltage (discharging: temperature at 50^0 with 
the current density withdrawn when the concentration of 
oxygen is varied (hydrogen generating example 2-7) . 

Fig- 39 shows a graph for indicating relation of the 
rate of hydrogen evolution (discharging: temperature at 
50 °C) with the operation voltage when the concentration of 
oxygen is varied (hydrogen generating example 2-7) . 

Fig. 40 shows a graph for indicating relation of the 
operation voltage (discharging: oxidizing agent of H2O2) 
with the current density withdrawn when the temperature is 
varied (hydrogen generating example 2 --8) . 

Fig, 41 Shows a graph for indicating relation of the 
rate of hydrogen evolution (discharging: oxidizing agent 
of H2O2) with the operation voltage when the temperature is 
varied (hydrogen generating example 2-8) - 

Fig. 42 is a schematic diagram of a hydrogen 
generating cell (with means for providing external electric 
energy) described in Example 3 , 

Fig. 43 shows a graph for indicating relation of the 
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rate of hydrogen evolution (charging: temperature at 5 0^C) 
with the current density applied when the flow rate of air 
is varied (hydrogen generating example 3-1) . 

Fig, 44 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 50 °C) 
with the operation voltage when the flow rate of air is 
varied (hydrogen generating example 3-1) - 

Pig. 45 shows a graph for indicating relation of the 
operation voltage (charging: temperature at SO^C) with the 
current density applied when the flow rate of air is varied 
(hydrogen generating example 3-1) . 

Fig. 46 shows a graph for indicating relation of the 
energy efficiency (charging: temperature at SO^C) with the 
operation voltage when the flow rate of air is varied 
(hydrogen generating example 3-1) . 

Fig. 47 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 30 °C) 
with the current density applied when the flow rate of air 
is varied (hydrogen generating example 3-2) . 

Fig. 4 8 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 30^*0 
with the operation voltage when the flow rate of air is 
varied (hydrogen generating example 3-2) . 

Fig. 4 9 shows a graph for indicating relation of the 
energy efficiency (charging: temperature at 3 0*^C) with the 
operation voltage when the flow rate of air is varied 
(hydrogen generating example 3-2) . 
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Fig, 5 0 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 70^C) 
with the current density applied when the flow rate of air 
is varied (hydrogen generating example 3-3) . 

Fig. 51 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 70°C) 
with the operation voltage when the flow rate of air is 
varied (hydrogen generating example 3-3) . 

Fig. 52 shows a graph for indicating relation of the 
energy efficiency (charging: temperature at TO^'C) with the 
operation voltage when the flow rate of air is varied 
(hydrogen generating example 3-3) . 

Fig, 53 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 90°C) 
with the current density applied when the flow rate of air 
is varied (hydrogen generating example 3-4) . 

Pig. 54 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 90^*0 
with the operation voltage when the flow rate of air is 
varied (hydrogen generating example 3-4) . 

Fig. 55 shows a graph for indicating relation of the 
energy efficiency (charging: temperature at 90*^0) with the 
operation voltage when the flow rate of air is varied 
(hydrogen generating example 3-4) . 

Fig. 56 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: flow rate of air at 
50 ml/min) with the current density applied when the 
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temperature is varied. 

Fig. 57 shows a graph for indicating relation of the 
rate of hydrogen evolution {charging: flow rate of air at 
50 ml/min) with the operation voltage when the temperature 
is varied. 

Fig, 58 shows a graph for indicating relation of the 
energy efficiency (charging: flow rate of air at 50 
ml/min) with the operation voltage when the temperature is 
varied. 

Fig. 59 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at SO'^C) 
with the current density applied when the flow rate of fuel 
is varied (hydrogen generating example 3-5) - 

Fig. 6 0 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 50 °C) 
with the operation voltage when the flow rate of fuel is 
varied (hydrogen generating example 3-5) , 

Fig, 61 shows a graph for indicating relation of the 
energy efficiency (charging: temperature at 50*^0) with the 
operation voltage when the flow rate of fuel is varied 
(hydrogen generating example 3-5) . 

Fig. 62 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 50 °C) 
with the current density applied when the concentration of 
fuel is varied (hydrogen generating example 3-6) . 

Fig. 63 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 50**C) 
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with the operation voltage when the concentration of fuel 
is varied (hydrogen generating example 2-6} . 

Fig, 64 shows a graph for indicating relation of the 
energy efficiency (charging: temperature at 50^0 with the 
operation voltage when the concentration of fuel is varied 
(hydrogen generating example 3-6) . 

Fig, 65 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature at 50**C) 
with the current density applied when the concentration of 
oxygen is varied (hydrogen generating example 3-7) . 

Fig. 66 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: temperature a.t 5 0 °c) 
with the operation voltage when the concentration of oxygen 
is varied (hydrogen generating example 3-7) . 

Fig. 67 shows a graph for indicating relation of the 
energy efficiency (charging: temperature at 50 ^C) with the 
operation voltage when the concentration of oxygen is 
varied (hydrogen generating example 3-7) . 

Fig. 68 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: oxidizing agent of 
H2O2) with the current density applied when the temperature 
is varied (hydrogen generating example 3-8) - 

Fig. 69 shows a graph for indicating relation of the 
rate of hydrogen evolution (charging: oxidizing agent of 
H2O2) with the operation voltage when the temperature is 
varied (hydrogen generating example 3-8) . 

Fig. 70 shows a graph for indicating relation of the 
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energy efficiency (charging: oxidizing agent of H2O2) with 
the operation voltage when the temperature is 
varied. (hydrogen generating example 3-8) . 
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[DOCUMENT NAME] ABSTRACT 

[Abstract] 

[Problems] 

An electric automobile is provided on which a. 
hydrogen generating device which can supply hydrogen easily 
to a hydrogen storing means and can generate a hydrogen - 
containing gas at a low temperature is loaded, 
[Measures] 

An electric automobile provided with a fuel cell for 
power generation by supply of hydrogen and oxidizing agent/ 
a hydrogen generating device for generating a gas 
containing hydrogen to be supplied to the fuel cell, an.d a 
motor driven by electricity generated by the fuel cell, 
characterized in that the hydrogen generating .device is to 
generate a gas containing hydrogen by decomposing a fuel 
containing an organic compound, comprising a partition 
membrane, a fuel electrode provided on one surface of the 
partition membrane, means for supplying a fuel containing 
the organic compound and water to the fuel electrode, an 
oxidizing electrode provided on the other surface of the 
partition membrane, means for supplying an oxidizing agent 
to the oxidizing electrode ^ and means for generating and 
collecting the gas containing hydrogen from the fuel 
electrode. There are cases: (l) the hydrogen generating 
device is an open circuit having neither means for 
withdrawing electric energy to outside from a hydrogen 
generating cell constituting the hydrogen generating device 
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nor means for providing electric energy from outside to the 
hydrogen generating cell; (2) the hydrogen generating 
device has means for withdrawing electric energy to outside 
with the fuel electrode serving as a negative electrode and 
the oxidizing electrode as a positive electrode; and (3) 
the hydrogen generating device has means for providing 
electric energy from outside with the fuel electrode 
seirving as cathode and the oxidizing electrode as anode. 

[Selected drawing] Figure 1 
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